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PREFACE 


The enthusiastic manner in which tI»o original edition of this 
book (published under the title "Kadio Servicing Course”) has 
been received by students and practicing radio service men is 
extremely gratifying to the author, and has encouraged him 
to revise it completely in order to bring it up to date. 

During the three years since the first iemue was published, 
progress in the fields of radio tube and receiver development has 
been extremely rapid and really remarkable — especially when 
we remember that these years have been perhaps the worst ones 
in the entire period of economic and financial depression which 
has envolopetl our country. Wo are now producing what are 
undoubtedly tlie most scientific and complicated home receivers 
ever manufactured in the history of the radio industry. This 
increased comphixity of rmidvat circuits and tubes has made 
necessary almost an entirely new ((ichnicpie of radio servicing, 
and has resulted in the development of new and improved forms 
of testing o(iuipm('nt. It has also made it absolutely necessary 
for every radio service man to have a more extensive and a<!e" 
quafe knowledge of funtiamental electrical and radio principles, 
modern radio circuit design and servicing methtxls than has ever 
been neeessnry before. 

This comphitely revi-sed and (udarged edition has been written 
(f.spcciully to pres<jnt to every i)rogn;.sKiv'e radio service man and 
student of radio servicing a cotnprehensivc up-to-date guide to 
the proper methods, correct ju-oecxlurcs and latest instruments 
to employ for the rapid and (‘flleient diagnosis and repair of 
troubles in both the very latest, an<i the moderately old, typos of 
radio receivers— in short, a practical means whereby they may 
learn all about radio servicing as it is practiced today by tt>e 
most progressive individuals and radio service organisations. 

V 
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PREFACE 


The present book, Modern liiulio St*rvicHig. « »tlier m un- 
usual second edition — for second e<iitiuus are usually reprint# 
with minor changes and additions, wheroiui this volume m a 

complete new book from cover to cover -even a mtire readable 

style of type has been empioyeii. Most of the miiteriiil m tiie 
first edition was discarded entirely, becaune it hiid iHUHune tdo* 
solete. The ui'gent necessity for making this drastic rliiiiige, 
and the fact that while tlie first editit>ii retiuircd only Ih2 piigoit 
to adequately cover the subject, the jiresent edition cmtimim 1 ,300 
pages, illustrates very forcibly the extent ul the far-reiieliiiig 
and important advances which Imve been nimle in the indwtry 
during this short period of time* 

In planning this new volume, the general wtyle of tisc flni 
issue has been retained, but its scope has been extendtui cctnaiiitr- 
ably. Many additional chapters covering important new loiiic# 
have been added. Close examination of the I'^abk of Ccirtt^nti 
on page ix, and even a hasty glance at the varioua nuitilmiwi 
topic headings throughout the itself wilt reveal it« roiii- 

prehensive scope. 

It is the firm conviction of the aiitlior that Um iiiiieli iitfie 
oan never be spent in bnihling a firm fountlaiion by tnakiiig a 
thorough study of all basic forms of electrical incn:cirtog iniim- 
meats and radio test equipment ('uumupifritly, the Emi 17 
chapters, which constitute Part I of the bot>k, are devoteil 
entirely to a detailed study of all f<>rms of mtitlerii radio teat 
Equipment. Instructions are given for the ciin»irti0iiiin of 
ing instruments of all kinds for thm^ service men who pnefer 
to build their own. Much valuable information m mlm gained 
through a study of the circuit arrnngcfncntH and o|>«ralion of 
the typical commercial test instruments cjf all kindni which ar« 
described. It is assumed of course that tlie reader already 
possesses a good working knowledge of the fundaiiiaiitala of 
electricity and radio before studying from this book. 

It has not been assumed that all readera will read ihta book 
through in its entirety. Many will read only certain porMow 
which are of particular interest to them, othew will uiM It only 
for reference purposes. Therefore, there ha» been no h^il^ttey 



iii iiirludiiig niici making flight n'|H*titinns where 

they liuvf* been runniiiereti tu he helpful. An imunuttlly ruin- 
plete iielex, amply crt^aH-refereiieeth baa been ineluileti aa that 
mturmniiun i»ii any uf the many aubjeeta which are euntained 
m the huuk may Uv hmketi up aiul hauiteii quirkly. 

An umiHual dt*parture haa been made in that a cHnii|>i!ati«m 
♦ *f It wealth of trsefii! fuetunl ><erviee data wlut'h is partienlarly 
viilimhie i«» die MTviee man svhen iu* is netiudly at work in his 
^hi^p i»r in the liehi has htu-n ptddished in a separatt* innnunl-.’^i/.e 
vuhimt* I'niitled “Hadi<i IVunhle-Shouter’s ifandhuuk'b It eiin- 
fnins a eniiiplete tahnhitiun of the inttn'inefliate fr‘tM|iierieies of all 
Anierirnn snperhetiTtHiyne reeeivt*rs; a ^’ornprehensive retahver 
**C hi.^e ilisttn'y’'* neetion listing tlH‘ imust eoniiaon symptnin'-. 
troiihles and their rennaheH for over p(»pular reeeivera; 

the anawera to the numerical review problems which are included 
Hi the ends of varionn ehapfera of Mtidern Radio Servieing; and a 
wealth of data anti tahlea which arc extremely unef ul to every 
Herviee man in ihc' fudd. T]u‘ pundnist* id thin supphanental 
handbook is optional. 

( Jraieful aekmovUsigiumait is again made to the various man* 
ufuet.urerH of radio servicing instruimmiB and receivers for the 
kind spirit of e(joperatiou anti hclpfuIncHs which they have 
Hlnnvn in fnrni.shing the descriptions, circuit tlaia ami illustra- 
tioiiH tif their apparatus. Without their help, the preparation 
of this hook would not have been ptissilile. Atdvnowdcdgement 
i« hcreljy matle to the Automobile Tratle Journal, Radio Craft, 
Ratlin Knidn<‘ering, Radio NtnvH, Ratliti Retailixig and Service 
iiifigasiincH for the many helpful hleas %vhidi have been obtained 
from thorn from time to time. The author is also Indebted 
to tin? many friemis, both in the teaching and radio servicing 
profcwioris, who have furnished valuable constructive criticism 
rejtartiing the Brat etliilon of the book, and particularly to Messrs. 
Bertram M. Freetl and Louis iMarim for their assistance throu^- 
out the preparation of the text; to Mr* T. S. Ruggles for his work 
in putting the chapter, How To Sell Your Service, la its present 
to Mr, Leonard Fischer for his work in the preparation of 
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the filial drawings; to Miss Louise Flauagfin for her untiring 
efforts in reading the proofs and to his wife, Chiriiien 1\ Ulurardi, 
who has been a constant source of iuspirnti«ai and help Ihrougli- 
out the many days and nights during whirh the maiiu mpt wap> 
being prepared. 

It is the sincere hope of the authcjr that tins himk will mm^i 
in increasing the popularity of scientific and syhfemafir servirr 
methods in the radio siTvicing proft*Nsit»n, and that it %vi!I rniilde 
both experienced service men and sfud<*nts fci lu*ffiT uiid»T*4fiiid 
not only these methods, but alsi» the ffjuipuirnt rcqtiircd f*» |aif 
them into effect. 

ALFKKI» A. fJHUrAinU 

New Yoek City, 

May^ 1935. 


PREPACK TO THE HKC*ONO IMPHKSHKiN 

In this second impression, base pin data on the octal Imae 
metal tubes has been added on page 1274. Insofar iis tiibe-lcat* 
ing and set analysis is concerned, the C'Oetai’d tnrtal tubes dif- 
fer from the corresponding ordinary giaHS-cn%udope tubes only 
in the base-pin connection urrangemrntH which are ^‘luphjycd on 
them. Therefore, any of the tube checkers ami set iiiialyMni 
described in this book may be need to test three tubea and an- 
alyze their circuits provided that eimple **f«taridfird‘* adapt, er« 
designed for this purpose are used with them. 

The tost procedures and servicing methodi which have brni 
described in detail in this book apply eciualty well in rectiveri 
which employ either the ^^glass^^ or the **metal** type tubca. 

Typographical and other errors, which unfortunately were 
present in the first printing of this hook, luivc now bcfii corrected. 
Minor changes have also been made here and iliert? where wn- 
tences or paragraphs could be re^-worded to clarify their meaning. 
Art. 4-6 and the text covering Vacuum-tube Voltmrtera and 
Meter Accuracy have also been revised. 

A* A. G, 


Jan. 193Q 



CONTENTS 


i*a(;k 

Pkekaiu-: V 

-- PART 1 — 

ttAl'TI-JK 

I iNTKODUtn'OHV 1 

11 MlIJilAMMKTKKS, AM-MKI'KItS & VOLTMETBKS 6 

III Alm'HODS & iNSTKXtMKNTS KOH MiCASUBINQ 

Hehistanck 60 

IV How TO Construct Ohmmoters 86 

V 'I’yi’KJAU CoMMKItCTAU OHMMETKU.S 100 

VI CONUBNMKR TekTEKS & CAPACITY MeTBKS 120 

VII Output Metbr.s & V.T. Voutmbtebs 140 

Vin 'riiK Tuuk Ciikckkk 163 

IX How TO (’ONHTRUCT A MODKRN TUBE CHECKER . . 202 

X 'I'YPICAU (JOMMKttCIAU TUBE CHECKERS 213 

XI 'I'lIE VOLTAOE-CURRBNT SeT AnaUYZER 232 

XII PoiNT-TO-PoiNT 1 'ebtino 277 

xni How TO CON.HTRUCT A COMPLOTE SET ANALYZEB. . 293 

XIV 'PYPittAi. CoMMKHCiAi. Hot Analyzekh 307 

XV 'PnE Service Test O.scn.UATOR 332 

XVI How TO ('ON.STRUCT A Cauibbatb a Tebt 

t)s(!n.i-ATOH 376 

XVII Tvpicai. C^OMMEiWTAU Tbht Ohciu,atok.h 398 

--- PART 2 - 

XVIII PitEutMiNARY Tpwth Fo« Tkoubue 427 

ix 



X 


VUN’IhM.S 


CH.M'TKU 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 
XXV 

XXVI 


XXVII 

xxvni 

•y* 

.XXX 

‘V'V'V’T 

XXXII 


Appkndix- 
Indkx . . 


l’F.('l!l,IAUrnK.S OK A Vt' AS'H I'.Wl* I 'iHt t It*> 'l U 

Hkckivkh Anai.vnis ht Voi.iAia-t 't hhfs r Tiv tyi' 

Kkckivku Anai,ysis !tv > i'f.HiM '>27 

'rKSTlN(» I N'ltlVlOrAt. ItAltlO ( 'oMt'uM.N I - .'i.’il 

Ohscuhk Thoi hi.ks Nor !Ji:v>:vnn lo i.oi 

Aia<n\'iN(i & NKiiTKAiaziNii 'I'-H F H>.i nvwi.* ilH2 

AiaCiN'IN'O ife NKUTHAt.lZIS’it St 1 ‘MUt 1. 1 FH* 1 0 M; 

IlKt'KIVKKS 702 

HKi’AHUNtj iNmviitfAi. Haihx f 'o%n'nsKN i - 7 l*.! 

FAit r :$ 

lNaTAi,i,iN« & SKHvji-tNt; AoiO'ltAittu Hr.- r.iv»;H.H WIU 


Beiivicinc} Ai,i<-Wavk H»:('r,tvFiiH UfCi 

iNMTAUaNa & SKKVlftXt) MaIUN'K HaOU! 

Hbceivehh low 

lilCin!CIN<5 Fl.WTHtfAI, In iWJrKIIKX- K lo:i.'- 

IIwH-Ftmoi.nT Hkoesvkh i*Hoi».r,M« ... I Ifi/i 
How TO BeI, 1, BEItVIfE , , , 

■»- PART 4 - - 


-V ACTUM Tube (Jimvm {"Gj^bb" Trp* Ttniiwj 12 M 
—Vacuum Tube CuAK'm {''Mkai." Tr»*ii TuhkbIi I '274 

.1 277 



PART I 


THEORY AND 

CONSTRUCTION OF MODERN 
RADIO TEST EQUIPMENT 




MODERN 

RADIO SERVICING 


CHAPTKR 1 
INTRODUCTORY 

Iiuportunt him! fnr-rcarhing rhanges have taken place in the 
radi<> industry <iurinK the past few years. The superheteradyne 
type of reeeivtu' lias heeonie almost the “staudard’^ American 
radio set. today. However, it is not the simple, straightforward 
Miporhet(*rodyne that radio men knew years ago. The develop- 
ment of a large num!)er uf new typt%s of tubes has given eir- 
euii deHigners new (^pptjrttmiiies for circuit development, and 
they have responded nohly perhaps nobly in some direc- 
litiiiH. Such features as automat it‘ volume control, tone control, 
ecanpiuiHafisi vtilumt* Ciudrol, inter-station noise suj)pression, 
tuning indicators, all- wave tuning. Idgh-fniehty reproduction, 
rte,, are all the results of prog^n'-'sivet development by circuit 
designers huitures tluit are almost standard in today's receivera. 

Fnduihly the twcj most important, innovafiotm which have 
been respoiisilde for many new and etmtplex circtiit fUTange- 
ments and clningeH in set et asst rtiet ion are the idl-wave tuning 
features, aulonmtic vohinu^ eontnd and high-fidtdity reprt)duc- 
fion. liie eornplicated switching syslmns imd cull -shields, high- 
gain amplifn’r stagCH, high intermediate frequmritv, etc., used ill 
III!- wave reeeivers, havi' all rontrihnled to the necessity for 
changes in f-<-rvlclnr rfoiipnst’ut and tecluuque. The amount of 
mcfernal noise heard with a short-wav<* receiver is usually far 
greater fhaii with a hroiidcast band set, so spHuiil noise-raduemg 
aitiemiit systems liave been developeti for the reduction of this 
noise in locftlilias where itmii-made interferenee is prevalent, 

I 
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iiigii-fkielity receivers aLso iu»w rirruit fmliirri* ml- 

juetmentfcj and peciiiiariticH not fuunti in any ptvvunm rmmmw- 
cial receiver. The«e adjnatinentii innat Iw mmk* in rertmm way« 
if the reaulia are to reaeinble the t^riginal. Whrn thiw 
mentB, with their consctiut‘nt cunipht’aUonB, an* inruriiijriitr'd in 
all-wave receivers' -whicli coinhinatitnis are now on ilie markrt 
—the necessity for j'lroper test oHinllaUirs. tuln'* and ii«n 

alyzers is apparent. 

Data compiled by R, IL Langley and |iriitt.rd in 
magimno show that apprt»xima<tdy diffrrenl nmdrii^ uf 

riniio receivers have ht»eii munufartnreil <iunng I lie pii#ii 
years; over L(D0 manufacturers have been m lniairiei»#i diiniig 
those eleven years; and there are only about 130 of that LCM'MI in 
business today. With about l.CKKI chief mg 

their pet circuit ideas int<i roet-ivtu's. and about 22,400,000 radio 
receivers actually in use in the United States iilone at the end of 
1935, it is not difficult bi understainl thiii the ■.‘•rvirujg of radio 
reoeivers, both old and nim% no longer is a siiti|»le irii»k, but m 
one which calls for a highly speciaHred iimi up-to-dat-e triumug, 
and more than ordinary ineehanieal ainl elt?rtriral akill 

What do all these new radio dcvumn, idtmu»t unthuught of m 
1930, mean to the radio service man of bidiiy ilie tum% who m 
called upon to locate troubles in, and repair, not only mw 

complicated receivers but also ilnmmmtn of the nicirt aimpl# 
old t-r-f receivers which are still in x%ml First, tl meana Hiat 
the days of the swashbuckling type of tmrvim man wlia kmlsd 
for voltage with his fingers, and for current with bliiiaful con- 
fidence, whose only tools were a soldering irim, a Msrew driver 
and a pair of pliers, and who talked glibly of how loiig he had 
been servicing radio receivers with notlsing more Ilian mtpnnuv 
intuition and a handful of inade^iuate eciuipmf'rit, art definitely 
over. A few well-directed quesiioni about the oharaetBriiiic* 
of automatic volume ^control circuite, intcr-^atation mnm itip- 
pressors, linear detection, band-pass tuning ciroulti, iillptriieiat 
of all-wave reoeivers, etc,, would surely bring to only tfe# 
relatively few facts gleaned by actual experience, imd mf qttai- 
tions touching facts the least bit outside of that experhmr*^ 
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would be luei by vi^jiiorDUH attmipts to change the subject. Mind 
you, expta-i<uu*e in the held is probably the most important asset 
of the service man, but if it is not coupled with knowledge, 
undorst anding, and the desire io leaxm and keep up to date 
upon every pluise of the radio servicing art, it will not get any 
Htu'victi man very far. It is interesting to speculate on how a 
poorly eipupped, \mprogressjv(‘ *h>ld timer'' would attempt to 
align tlie inning circuit-.s of a nuHlern all-wave receiver that has 
over tW(idy-two adjusiinents ahead of the second <ietector! 

A point has now been reaehe<i in tlie radio servicing pro- 
fessioig where flu* SiU'virc man who lacks the proper servicing 
t*(|ui|inient. anti tht‘ !>road ftnulanauital knowlt‘dge of electrical 
anti ratlio primdples which are necessary today, must either take 
iinint*tliat t! and seritms steps to I’emeily these deficiencies or be 
fonusi out of the profession by unrelenting competitiim. Mod- 
ern receivers will prove too much for the abilities of this type 
of man. New kinds of troubles never encountered in the older 
types of receivers are (-(Jimnonplacc* today. Motlern radio ser- 
vicing practici? culls for the type of men who have not only the 
n f‘i’cs; fU'V knowledge and crpupiucnt to meet todays problems, 
but wlu» will also fmve the cn<*rgy and ambition to keep abreast 
rd all new dcvelopmenfs as fast as they are inti into use. 

'Fhc |?ro!>!em of maintaining radio service e(pnpment up to 
date has always been a troublescnna one, due to the many changes 
which have been madet In radio recei%^ers during the <!evelop- 
uient stages of the |)ast few years. The extensive changes in 
the ilesign of tubes and their terminal arrangenumts have made 
obsolete a great deal of ttibe* testing and set-analyfang equip- 
ment tlifii service mtm have paid mtieh money for. The popti- 
Ifirisation of all-wave receivers, and the necessity for realigning 
tiiiiir ttmoci circuits, has made nfMo*sHary the use of test oscilla- 
tors eapithlo of gcnfriding test signals of fn-qucncics ranging 
from 100 to at least 23,000 ke. This means that either more 
cliiinges must iiiftcle in existing test oscillators, or, new imm 
intist he purcliasvd. 

Mew receiver circuit arrangi'mcnts are nifiking It necewary 
to employ voltmeteri, milliammeters and ohmmeters with wider 
rangei than ha* heretofore been nccc*scnr>% and many old form* 
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of set unulyzers are ineapable of giving any real int'oriiiation 
about the complicated circuit netwtirk« in iiicidern recei%'eirg. 

Qua of the most surpriisxijig things nbcitii ilie siTVsring pro* 
fession is the lack of standiirdixation <if iicr%ice No 

two service men seem to test the same set in the mmumt. 

Some of the systems cinph»y<Hl appear riilteiiknis Imctmne «if ilieir 
time-wasting practices, while othera serin incorrerl he-raii*© cif 
their failure to sliow true pictures of circuit roiidilioii*. 
Many of the older routines must he disrfir*ietl and by 

new ones which will take care cd nil new ronditituw. 

The author has kept all of the prolileiiw* in iiiiiitl 

during the preparation of this Imok. He hii?^ itiinril in help 
not only the (‘xperi(‘n(‘t‘(! service man who ih'^ires to tiring lii« 
knowledge, his sm-viciug metluais and his servicing * ? 
up to date, hut also to assist those iiirn who luive alnuuly 
gained a broad background kno\\lrdr«' of elrrfrii*itl mid radio 
principles*, and who desire to iinike m s|ieeiiilli»i*«l sliniy of 
radio servicing cc|uipment and ineihods. 

Considerable thought has hc?en given in the 
the material in the book, ami the . q!!. i;, .• of atmly. The entire 
book has been divided into four main purls. The theory, oper- 
ating instructions, and construetiim ami desrriptiorta of typioal 
commercial units, of all forms of test fipupim-nf are ronsidereri 
first, for it is only after all the test i-quipui'-Jit is thorouKhly 
understood that its uses ami upplit-Hfinti can be studied. All 
necessary data is given for the eonstructirm of and 

modem test erpiipment for those service men who, for various 
reasons, prefer to make their own. In the second part, the most 
advanced methods employed In modem practical radio -rvii iny 
are presented. The third part deals with ^'pccinljjt t! servicing 
problems and tested methods of "Selling Service". The fourth 
contains useful data, and an unusuHlly comprehensive index. 

A glance at the Table of Contents will indicate tlic * . i,. , 
in greater detail and will reveal the entire plan of atudy at a 
glance. The aim throughout has been to take the reader. »t«p 
by step, from the most elementary conalderationa to the more 
complex phases of service work without breaks in eontinuity. 


Ohlrmrdl waa written 
Mpeoially for this phase of radio Inshraetton. 



CHAPTER n 


MILLIAMMETERS, AMMETERS & VOLTMETERS 

2-1. Importance of Electrical Measuring Instruments. — 
Since human h(hnK.H are unable to ace, feel, taste, hear or smell 
electric current directly, but can only observe it by the indirect 
‘‘efTect-a" it pr<iilucc.'., we are forced to employ specially designed 
instninieuts for its detection and nieaaurenicnt. These electricai 
i/ifcitDiriruj ivatruments are l•^p(•(•i!dly tifccssary in the servicing 
of radio e(jiuiimetit, since they enable ua to test the various cir- 
cuits and parts in onier to obtain (juickly all information needed 
for locating and correcting the various troubles which may arise. 
Since they form (he very hnckhone of the entire radio servicing 
art, it is essential that we first understand clearly all about the 
theory of operation, const met i«tn and use of the various forms 
commonly etnployed. For this reHS<»n, we will first make a do- 
tailed and cumprehr-n ivi- stmly of all forms of modern service 
itistrtnnents- “Starting with the very simple current and voltage 
measuring meters and jirogressing to the njoro complicated in- 
struments for iiiudyzim' anti alit'uiiu'. The circuits of these com- 
plicateil instruments will be developed in a progressive manner 
from a consiclernlion of the test upt r.atiuns which they are ro- 
quircil to perform, and the basic electrical measuring instruments 
which are available for making the various measurements re- 
quired, Studies will also he made of the circuit arraiu’cments 
I ’oplnved in typical commercial forms of thcjse instrumentH, so 
that the vnri«»u» ideas which manufacturers have developed and 
iii. inporHted in them may be brnugiit out. 

Perhaps the simple instrument used most exieastvely in radio 
service work is the milliammeter. The mitliammeter “move- 
ment** forms the basic part of all ammetem, vollkraeters, output 
metem, ohiiimeferN. circuit testers, etc., used in radio service 
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work. In order folly to understand its operation and eoaatmo'* 
tion, it will be neceasary first to review briefly m few of the fun- 
damental principles of electricity and magnet isrii ii|M)n wliieb i't« 
operation depends. 

2-2. Magnetic Field Around m Straight Condiictor.~The 
first important well-known tdeciricai primdpio is: 

a current of electricity /hum ikreugh m 
conductor, mch m a piece of tears, it alwmyB produces a 
magnetic force, or *field% around ike conduettprf" 

This is illustrated in Fig. 2-1, ^ and is one of ilia mp«i impurtruit 
properties of an electric current. This prinriplt* may be prciv^ 
by connecting a short length of thick cop|>er wire mnm$ tie 
terminals of one cell of a 6-volt storage battery C«>r other low- 
voltage current source) and dipping the wire into mme iron 
filings as shown in Fig. 2-2. The iron m a magnetic iiii^atiet, 


oinccTtoN or 

CURRENT FLOW 



MAGNETIC LINES 
" ^ Or.FORCE 


Fio. i-l. — Hie maiPNillo idd 
around tii® atralght. eumuil 
carrying wire la rimilar In 
ahapt and la repreMintiid by 
the dotted oi roles. Th^e ate 
called **wagiietle wlilrit**. fltei 
arrows show their diretttea. 


and the filings will be attracted and cling to the wlnii foraai^ai 
little rin^ around it as long as the euirent it permitbyi to iWt 
proving that a magnetic field is created aro'und toe wire by 
flow of current. As soon as the current is tout off, toe flttopi 
drop from the wire, proving that toe dlHiippi^ars. 

•^Notex All diairra,m» and othsr Illustrations In this ar* a«i«^ 
bared according to a conv4*nif«i Chaftor-Fhrurif tminlan-ing 
syitom* ‘The «r»t numlH»r is that of the chaiiUrr, and fh‘* 
second Is that of the This, Ftg* S-l mt‘an?i tho first 

figure in Chanter XX| Fig. t«l4 mmm toe fourtesnek figure 
In Chapter IX, etc. 
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Til© second important principle regarding magetism prodnoed 
by th® flow of electric current is: 

**Th§ itmngth of the magnetic field produced at any 
p(dnt u propurtitturd to the length of the wire and the 
itrength of the current flomingJ* 

This nifiy easily be proved by sending currents of various 
strengths through the wire and observing how many iron filings 
are attracted in eacli erne. The stronger the current^ the stronger 
will be the magnetism, and the greater the number of iron filings 
fitiracieti The current can be varied by ecjinunding the wire 
first across one cell, then across two, and finally across all three 
cells of the itorago buttery. 

2*3. Magnetic Field Around Single-turn Loop.- — Since the 
magnetic lines of force are distributed along the entire length of 
the straight wire, the ma-gnetic strength at any point is rather 


Fm. H'-C. ‘Iron flltnfi am 
iUfrut’tvd ti» the wir« »y tha 
«uurn*'Hc flcbl nn>ductd aiwmd 
it 4m to th# flow of curmnt 
throuirh it* When the flow of 
cu front l« ttwpod, th# Iron 
Mittm drop olf| proving that 
iH# martlet ism is prmmnt only 
whili til# eurmnt flows* 


weak* However, if the wire is bent to form a aingle-tum 
all the IncHviilual olrcular raagnetie lines of foroe which sur- 
round ill© wire will pass through the center of the loop, ’tonus 
ertating a stroager, more concentrated magnetic fleld In the 
•mall area there tlian existed around toe wire when ft was 
straight. Conwqfuently, bending the wire In the form of a loop 
hm toe %ttmt of greatly inereasing toe mtemdty of toe mapielie 
mffmt at tot ©enter. However, toe lotel nttiwhw’ of lia« of imm 
in tot space aroumd toe outside of toe loop is toe same Ifae 
telnl number to.ri^ini toroui^ the houdde of liie loop. 
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2-4. Magnetic Field Around m Coll.— By winding a nnni- 
ber of these loops, or turns, of wire clcise togethtr m mlmwm t» 
Fig. 2-4, a solenoid or is formed. The iniignot'u* ieldi, or 

forces, surrounding the individual turns of wire unite to form a 



CURRENT 

FLOW 

Fm. 2-3. — How the mag- 
netic lines of force arrange 
themselves around a single- 
turn loop of wire carrying a 
current. Notice that they atill 
encircle the wire, hut in doing 
so, they also thread through 
the inside of the loop. 



ruh 2»4. If th# eall !• 

wound with mmnf itirna of 
wire, th# ^elil t« 

strtmgtfr, a magnetic pot# la 
proiliired at each ©ml, and th# 
iinea of fore# talc# th# pathi 
shown by Ih# curved d#tt^^ 
Unm. 


resultant magnetic held fur furci*) armind, iwid liiruiigh, ih« en- 
tire coil— as shown by the ctirved, doited line*, ‘^fhe coll really 
becomes a magnet. A north magnet ir pole (N) m fcirrned at on# 
end of the coil, and a muth magnetic pok? iS) m foniitd at 
other end. 

**The snd of the coU from which ih§ Mmw 

of force leave, w called the north pok fM), and iks md 
which they enter w called the muth (8) poteJ* 

2-5. Electromagnet®.^ — If an iron core m placed wtliiitt 
a coil, a much better magnetic path It prt»vid*‘d for ttie limm of 
force and the current will produce a much lar^r ottfflit«r of 
them — ^that ia, the etrength of tfce mapaeti# !• pmUy 
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iacrenwfi. Tli» itpiI m ociw ealled an ekctrGmmgmt The mag- 
netic itrwtgtli Ilf an eleetmtimicnei depend# upon; 

I. Himngth »/ Ihe earreal J 

f, Nmmki^r #»/ liirn^ n/ warn, 

S, Maf>’ ^hape ami me n/ flie core. 

E*prrl»iirat: The eflfect of plaeintr an Iron core in a coil of wire 
fiiii:f lie deifiiimtratetl eaailf by wlndinir a coil of ten or fifteen turaa 
of ifWiilatiHl Clipper wire on m pencil and th#n ulippinir tht pencil out 
of It Ctmmrl the roil to a battery and dip it into iron fillniri. No- 
il©# bow itiaiiy mtw atiraclod. 

Now iilip m iarw tron nail or iicrcw into ibo coil. Dip the entire 
unit Inio lit# iron fiilnipi. Notice how many more fllingi ar« mltract- 
ed fj#*w pp>u itn; that an iron cor# In tb« coll make# tn® magnetlam 
much mora pwworfub 

The tieiti«m«irateci by ihb cx|K'riiu«*nt is employed 

for rrimtiiig sirciiig nsnititriic fields— with eleciroma^ets. 

2«d. Interaetteii Between a Coil and Magnetic Poles. — If 
m ciirrtAit coil is nunmiml cm pivots and is placed be- 

tween the fKileii «»f a stmog iMTiiouiionf. magnet, the cjurreat 
ftowing tlirtiiigh It will produce magnetic poles at Its ends, as 



Fte* ; ArrHioo^no'Ot of all of the magnetic pol<tts when 

m rnrt'«^nt'»*arry»ftg eoll of wii^ i» plm'C#d hetwean the poles of a parm- 

anaai horMihoe naagnet. 

|l#| : How tb# coil would tend to rotate dw to the omtiial attrac- 
fel#» and rapolalon of Its fnagnetlc poles and thosa of th# permanent 
tttaifiei. 

aiiowri at 1^4) uf Fig* "Sl-f. The iV-pole of the cmi will be 
attractod by lb« S-,pol©, and rop^Ued by the N'-imki of ttie p#r- 
mmmmi m&gmaL Likewise, the S-pole of the coil will be al^ 
UmtM by the and spelled by the S-pole, of tihe perrrmmni 
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magnet. This will cause the coil to rtiiiile, or diiflrct, clixk- 
wise in the direction of the arrow, as shown «t |TI|. 

If a pcrniancnt magnet of a fixed strength ii iwcd, tliti ftirc# 
tending to cause the coil to rotate or ^hlefleci’* will cieftetifl itiMiti, 
the strength of the poles of the coll ■■■'»■ which, f«»r tiny pviiii cull 
will depend upon the strength of the eummi fiowing ihmugh ike 
coil. Therefore, an arraugiuiu'itt of this if it liu nro%diletl 

with suitable means for indicating the exiict niiiount of deflttrlifin 
of the coil, can bo used to inenstire the stnuigth of the iflectrir 
current. About 50 years ago, the so-c!ii!l«l Weston 
m widely used today in direct-current nu'o in»tri*rtieril«, 

was devalopad from this basic principh* by Dr. Wi^lon, 


2-7. The Weston Movement.—The Weston form of d-c me-* 
ter ^^movament^* is constructed csHi^ntmlly idtmg the bnsic liiwii 



CWf#«p Wm$im Bum, 

in 


Via. 2-6. — (A) : AM«inbl«d Weston <l-« mntor movtunwaifc. A poufti 
tion of tho pomiMMnt boiMsho* mmriMt Ium Inmhi cab nwny •» 
front to roTonl tho tntMrilor. 

(S ) ; Tho pommnont mmgnmt M, eora C mai poto-iploow P-V 
Mooiublod. 

(C) s Tho movmblo co«, p<rfntor P, oprinct S, mui ptvoto iiMMHnblod. 

shown in Fig. 2 -fi, but has many oonstruoticmal r»'ruu?mi Ht« wMt^ 
make it nigged, accurate, and highly senaitive. An sae- 
tional view showing ihie ocmstmsMo® of a muvenient of 
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this type is shown at (A) of Fig. 2-6, and a description of it 
f til lows: 

M-M arc the poles of a very strong pormanent. horse-shoe magnet 
with ftoft-lron pole pieces F-l* betw€H»n which is mounted the station- 
ary, circular aofi-irtm cort^ C to increase the atrength of the magnetic 
flitlii and make it radial. This ia shown at (R). Mounted in the air 


Fin. 2-7. A typical com- 
inerciiil 0-1 d-c mllliammeter 
employing the type of move- 
ment shown in Fig. 2-6. Notice 
the pfiinU^rt and the scale 
griiduateii and calibrated to 
indicate directly the number of 
of current 
which are flowing through the 
rnevahle coil at any time. 



CVart#«v /n#lr. Ci»fp. 


gap between the core C and pole piccea P-i\ is the movafol® coil Wp 
eonilitifif of a very light rtelangwlar ahinuiuun form on which ar# 
wound many turni of #gtr«tn#ly Hms innulatcti copper wir® through 
which th« oltciric currant for a daUnlta fraction of tn® current) to m 
niaaaur^ flowa. 

Thii currant produeaa a magnetic pol« at each md of th« coih 
Th« pol«« mum a moveumnt of tho coll at described In Art* 2-6, lllia 
forcfi tending to cauao th« coil to mov« in pro|>c^rti 0 nal to the ttrength 
of the mrrmnt flowing through the coil. Tn® coil i» provitJed with 
»t#«i pivota which real In jtwtl b#arlng«» m that it may turn fretdy. 
The currant l» conveye*! to and from th# coil through two light spiral 
hair--?ipringa which perform two additionml Importaint function*. 

From ihia brief dojucriptlon^ it I* clear that nwy owroul through 
tht oott will mako It tern to Ita **ma3clmum m loi^ a* wo 

In ih« hear lugs I* uverrouo'. By th« um of tho *prlng*„ 
howovor, any moveitienl tend* to wind up on# iprfng and unwind m® 
oth«r* lii»» the eidl rtep* rotating when th# for« da* to tea mag- 
nolic attraction and mpulalon la equal to that ater^ up in th« aprlnga. 
Tho graater th# mrmntp the groatar the fore# wladiiig and anwlmi- 
Ing tea iprinw, and tea more the coil will rotate. The*# spring* 
alM perform lha function t»f alwayn ratundug tea coil to a definite 
»#fv after tte-^ eurrimt la shut off. A pointer i» attached to 

tie' t»e*vitble r.tdl I# enable it* poalMon to h« imd accurately from a 
^Hdiiidy caUbfiited teal*. T1^ mmmMw «oll and fomt aprinpi 
Mp and pointer i* ar# ahown at CCI)* 

A lypioiU 0>1 d-o mlllUimaiita’ employ ing iMi type of no'PaiBMa 



12 


MOBEKN RADIO SKHVICINU 


€H. II 


Is iiiustratod in Fig. 2-7. Notice tiie scale it 4 arkiiig>% and ilie tliin 
pointer for accurate reading. 

2-8. Meter Sensitivitjr. —The ‘^sensitivity** of m mmUr move- 
ment is determined by the strength of current Ici ciiiiat 

the pointer to defieet across the full scale of the iiisirnitieni. 
This characteristic of a meter movement is ■i.-4 in two dif- 

ferent ways in practice. When spcnking of miiToumnirtoni. ititl- 
liammeters, etc., the $mmtivity of the ineter is: 

the number of microamprrt'n (or rniltiarnjH rt h > of car- 
rent which mmt be smt through the movabis cmi m 
order to make the pointer deflect acro$» the full $eah. 

Thus, a meter having a mnmiiviiy of I ina. r©f|uires a current of 
1 ma. for full-scale deflection, etc. 

When referring to voltmeters, the sruf^ittvity is usually re* 
ferred to on the basis of o/uns-za r-roff. This will I’Xpluim**! 
in detail in Art, 2-20 when studying high-riisiitance vcdtfiieteiii. 

Recent developments in the design and constriiciion cif dir#el- 
current instruments have made it poMible to build portable mettia 
considerably more sensitive than they were mmde before. It It 
not very many years since portable rneteri having a mmtiiivity 
of 1-milIiampere were considered the most mmktk^e practical 
instrumenta available. Now, portable iiieiew have a -'.^uviitiviiy 
of 50 microamperes— (fwcnfy timet at timtiiivel are roituiiofily 
used—especially in radio service test Imtmmmnts. Th^ have 
been made possible by the use of stroni prrmntH^nl mapial* of 
large cross-section, made of special alloy tteelt; tncivable coils 
wound of copper wire considerably finer than m tiumaa hair; 
extremely short air gaps; and bearingii having negllgibte friction. 
It is hardly possible to realise tdiat a pnu'thud ln«tnitii«al capabl# 
of withstanding the rough handling incident to i^rlable %%m 
be constructed so sensitive that a current of only ^ 

(O.OCM}050 amperes) Is able to cause Its pointer to move mr^ the 
full scale (incidentally, instruments even more than 

this are available for special rHpurcmcntH). 

2-9* Why Shunts are Used in U-C Ammetert. ~ In oidtaf 
that the entire measuring Instrument be made eoinpiiet, the mov- 
able coll must be very smalL Also, if it it to be oau^ to nolato 
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by th« Mimli attractive force of very email currenta, it must be 
light in weight, have very little inertia, and have an appreciable 
number of tume of wire on it. All of theee n-quinuncnta make it 
luH-r ' ary i« have tlie movable coil of very hne insulated wire — 
wire finer than a human hair is empliiyed for the movable coils 
of the jwrtable liiKh-nenrifivity instrumente used in some service 
wiirk. 

It in ©vififiit, that mnm iha movable coil is made of 

liucli fill© Wirt!, it caiwcit curry much currant wltliowt mdm heat- 
iiii, wtiicli wiHild tiamage it. If we want to use a simple meter 
■of this kifiij to waasiire the current flowing in a circuity it is 
avifitiril that it will hsva to lie connected in Mtief with the circuit 
i4« «hc»wn lit 14) cif Fig, 2-S, In this case, the full current of the 
riraiiit will flow ihroiigli the movable coiL However, wire thin 
WKMigh to l:»e siiliable fur movable colli is rarely able to carry 
more ihiin alwiul 0.05 ampere CM) mllliamperei) without over- 
hratlng. In fact, on® iarga inatrument manufacturer uses the 
arranienient of (4) in Fig, 2-S only for milliammeterii having 
rangits up to 30 minjanipco'rJ, Therefore, if the meter Is to be 
rrmnw^leci Into ciretiils In which more current than this is flow- 
ing. aitiier the si»«i of the wire useil for the coil most be increased 
pr«.pr»rU*fn.ntr!y to take care of the larger current or else only a 
fhftmin, km&mn, fmeium of the total current of the circuit must 
b® f>®rfiiltt€cl to pmm tfirough the movable coil of the instrument. 

The farmm arrangement Is impnitdit’a!)!©, and is not used, for 
it wfiiilti iwult in a heavy, clumsy coil which would cause niiraer- 
oua coaiirtietional dlfflciiltiei fsuch as imprariicablc large sise, 
freight, inertia and liiiaring friction). The latter method li the 
cm© aetiially «^mplf*yrfl to extend the fundamental range of meter 
^'rnoveaieata**, when they are used as milliammeteri and amme- 
In the current to be measured i» made to divide 

•o only m drfinhf. known, small part of it flows through ttie 
movable toll* The remainder is “shunted** around the coil by 

* I i. 


liTTTpriTv^Klf r>i T n 


«hown at (B) of Fig. 2-8. 

2-10. How tho llatar Op«rat«c with a Shunt.- The opera- 
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m first assume that we connect the iitelar itiitwififml Mrmlty 

in series with the circuit whose current is U% b# a* shown 

at (A) of Plic- 2-8, Then the only path for lit# riirr#rit to flow li 
throuirh the movable coil of the imtrument. If %hm ^int 

measur<Ml is greater than the wire of th# movable roil ran carry 
safely, a definite part of the current can be tbroiiEli the 

shunt resistor M« connected in ‘*shunt** or **|iaraller' with ibe movable 
coil, a» shown at (il). 

Now, if the shunt rt*smtance H* is made jiial ec|iial to the nwiai* 
ance Bm of the movable coil of the meter, then exactly kmif of thm 
total current will fiow throuirh the shunt ami half wilt fiow throuirb 
the meter coil. In this case, we simply multiply any reailin# of th# 
instrument by 2 to determine the total current* If w« carry Ibla 
further, and add another, similar shunt a« CCI, otilf 14 of the 
total current will fiow through the movable coll Cine olli«r % iowa 
through the two shunts), and the readln|r obtained on tlie ii»irttinn#iil 
scale will have to be multiplied by S to cletermisne the **tolal” current 



Fio. 2-8,— ‘How ahunti are connected In rntmllal with the mov- 
able coll of the meter. The ahunte carry a ieinlte fraetlon of 
total current to be measured, permlttlnir the mie of mm t^rdlnary 
miUlammctcr movement ai an ammeter to meaaure larfvr mmrfmM 
than the movable coil is able to carry tafely. 

flowing in the circuit. We might continue thia ifuiellnitelf, addlitg 
any number of equal shunt reslatora in jp^arallel for w»iiif m 
shunt of the proper value), and making the mi ^ 

current actually flowing through the meter wit !«»» and !•••* la thto 
way wt can use a simple, light-weight meter wM»vr*n#nt CeMflafiaE • 
movable <»ll wound with very fine wire), t 0 g«’ther with 
shunts, for measuring d-c current* of alawnit any vabi#. Itt 
commercial injitrumentH tin* seal# is calibraieil b» indivafo the 
circuit curiwmt dirrctiy iu% mult ipllealien ef the meter to 

necessary. 

When ^is type of (‘urrent-nirustirlng inatotimeal ia wskI to 
measure **milllamperes^^ toe meter ia a wMmmMmr. 

Whm, by toe use of suitable shuate of low it is 

made to measure **amperi«*^ it is ealled aa mmwmim 

2-11. How to Cmmect Milliammeters m 
must' be rem'Wnbered toat a mitliammeler for rnmm^bm) wm^ 
altoaps be connected in mim wito llie circuit ouwml it 
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m to and nmm acro$M (in parallel with) the circnit, for, 

since it liw a very low ilia heavy current which would 

flow thrciiigh It if it were ctmnerttHi across tlie circuit would im- 
iiicdifttiily burn out ih© movable coil and tlie shunt. The correct 
way to connect a mllliammeter or an ammeter into a cireiiit 



ammeter 

<A> <®> 


Fici, 2-f. «-(/!); Corrmt way to connect (in s«ri^) a milllam- 
•motor, or an aimneter. In a circuit to meaiiure th# eurrenL The total 
oyrr«ictt to h« mtaiurM should How ihrmah the meter and Its shunt. 
(ii) t Incorrect way to connoet a milfiainmtter or ammeter. 

^to tneaaure th# ourr©fit flowing, i« shown at (A) of Fig. 2-0, the 
inoorr^t way Is shown at {B), 

3«I2» EEtendlng Eatiges of D-'C Ammeters dt MUliam- 
,;tii«t«rs.-"-Th© range of any glv«i d-c mllllammeter can be ha- 
e»aiiH,i by an additional shunt resistor across the ter- 

ininali of the meter. Radio service men are often obliged to do 


Flo. I-IO.— In order 
te multiply the rri'eter 
range by 10, a shunt 
M» Is wn* 

iumMI aoMM the meter , 

terwlnali. The nmttr 
resistontts Is Mm* The 
ahwtl must i/10 current 
nf th# teW to at 

mud th# wmi^ ww« Mr a nuRt d 
• eairy 1/10 of It* Wam^ I- 

fo» ite shunt wmliife- 
ane« wii^ to 1/i that 
of the meter reslstanoe. 

lyh^is when they dtolm to wm a certain mtoer to mmmm larger 
^urmato toan it wim tli*sigued for* 

, jiuppoN total toe msW m hand him m mage of only i»ma** 
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and that a range of 10 mm. (a range 10 tiiiiwi m liwrgel, i« 

A ehimt must then be eonnected acroan the meter. Ila value miM 
be such that the meter will earry 1/10 (1 nuniamprn'i of tti# 
totai current and the ^huni will carry 9/10 of it. New if -Ihe 
shunt is connected across the meter as slicm’n at illf of Fir. 2-8« 
then the same voltage must exist across Iwtii llic iiirirr iiiid tli« 
shunt— since they arc in piiriillcl. If / is tlir rtirrrrit flow- 
ing through the circout, it will tlividc in the two hnuiriiri m 
shown in Fig, 2-10, Evidently, the current llirotigli the $huni 
(9/10 I) is 9 times aw large aw the current tl. ICI 1 1 Ihrougli Urn 
meter. Therefore, since the current fknving through « circuit m 
inversely prop(»rtinnal to ilic rewiwtiiiicc, Itlliii/s lawl, fur itii# 
particular division of current to take pltici*, the r«*wiiitniiee of tli« 
$hunt (Eg) must be 1/9 that of the meter (Emh For if 

the resistance of the 0-1 d-c milliainmetcr is 27 fihma, the ihiml 
resistance rerpnred to make a 0-10 rnilliiiiniiieter of it will b# 
1/9 X 27 = 3 ohms. After this ihunt is properly coiiineeled, every 
current reading taken on the acak* of the iiieler must Imi niiilti- 
plied by the multiptying ratio i If) in this lutsel , to ohtiiin the ini# 
current rea<ling. 

2-13. How to Calculate the Shunt Eenlatanc# Ec<'|ui*cfl. 

If the meter resistance Em* and the tk^sirccl ratio n 

are known, thc^ vahie of the rH|tnri*d shunt rcmsliinre #1, in ©hma 
may b© found from the formula: 


Using this formula to ciileulaic the shunt rr»iuu'rd for 

the range-multiplying case eoniidered at th© end of Art, 2 - 11 , wt 
find 

Em 27 27 

= 10-1" - 0 

which checks with the value found in Art. 2-12. 

2-14. Table of MUtUammeter Resiatanca Value*.- -It is evi- 
dent that in order to calculate the value of shunt rosistanee re- 
quired to exfesnd the range of any d-c tniUmmmetor cmt ainineter, 
the exact valu^of the total Internal reeistanre of the meter must 
be known if tiie formula given in Art. 2-18 ia to be empl*>y»-.l. Be- 
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low will be found, for reference purposes, the approximate re- 
sistance values of several types of Weston microammeters and 
milliammeters, and corresponding Jewell meters (these are no 
longer manufactured, but thousands of them are still in use), 


APPROXIMATE INTERNAL RESISTANCES 
OF COMMON MICROAMMETERS ANB MILLIAMMETERS 


Number of 
Oiviaions 
on Scale 


Range Approx. Number of Approx. I Number of 

Mlcroampa. Reeistance Diviaiona Resistance Divisions 

D-C (Ohms) on Scale (Ohms) on Scale 

200 65 40 140 I 40 

300 — — 140 i 60 

600 66 60 140 r 60 _ 

Milliamps. j 

D-C 

1. 27 60 i 30 60 

1.6 18 76 ; 80 76 

2. 18 40 I 26 40 

3. 18 60 20 60 

6. 12 60 I 12 60 

10. 8.6 60 ; 7 60 

16. 8.2 75 I 6 76 

20. 1.6 40 : — — 

26. 1.2 60 8 60 

80. 1.2 60 i — — . 

60. 2.0 60 I 1.6 60 

100. l.O 60 ! 0.76 60 

160. 0.66 76 ! 0.6 76 

200, 0.6 40 I 0,37 i 40 

260. 0.4 50 1 — ' — 

800. 0.88 60 0.25 60 

600. 0.2 60 0.16 I 60 

800. 0.126 40 _ I _ 

1000. 0.1 50 _ i _ 

Weston (Model 600) High- j Weston (Model 600) A-C ’ 
sensitivity D-C Microammeters j Rectifier-Type Mlcroammetera 

Range Approx. Approx. 

Microamps. Resistance j Resistance 

D-C (Ohms) ! Microemp*. (Ohms) 


Range 

Approx. 1 

1 Range 

j Microampi. 

Microarnps. 

D-C 

Rtslittance I 
(Ohm») 1 

ao 

2000 

100 

m 

2000 

200 

7a 

1750 

250 

100 

izm 


200 

65 


BOO 

55 ;{ 


aoo 

ao ii 
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which are familiar to service racn. The iuicr»Rmmcter*i arnt the 
0-1 inilliammctcrH are used a great deal by rmiiu $vrvu'f<tmm for 
making homo-made ohmmeters and nudti-tcwl instnjmi'nle. 

Due to the fact that the resistance value* in the table are a|>- 
proxiiimtc, if very ucinirale meter readingH me de»tirid, it wdl hi? 
necessary to make up the shunt resistor {or resistors) by tmi 
with the actual meter to be used in any ease, as desrrdied in 
Art. 2-16. However, for ordinary purpttses shunts may be ealci*- 
lated from the above values and the formula given in Art, 2-13. 

2-15. Making Meter Shunts by Trial. - If the internal re- 
sistance of the meter at hand is known only approximately (or is 
not known at all), or if the required shunt is of e<imo «ld reslat- 


Vr 

-AMMAAA/ 



Fio. 2-11. — (Ltft)i Cireait employed for maklm meter shttaii 
by trial. 

[Right } ; Tbrel slmnta for a milllamtneter. The oa* at the left 
(thick wire) is for the highest current range; that at th* nghl has 
the highmt resistance and Is for the lowest oumml wmf, 

anoe value that Is not easily obtainable MDBUserelallyi the exaol 

shunt required for way inoraaae in rwnge may bi by briidl 

in the following way; 

Assume that it is desired to extend the isaga of a 10 mi* iMter. 

whose exact internal raiistance is unknown* •» tmt it may m used to 

read currents up to 50 ma. This means that w* wiah to multiply the 
range by 5. We would proceed by conneeting a tow-voltage battery 8 
(a siiwle U volt dry eell will do), in serlmi with the meter and a 
variable ceuriwat-adjimthtt veslstanee Ft (abont RSO ohms imudinttin 
yidue in this case), as shown at the Is/t of Fig. 2-11. When ife bi 
being connected into the eirealt* the resistor should fa* sat at tMMrt- 

JNow S»# current-adjusting resistor should ha nUaiMi «ai*fallf 
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across the meter terminals, and its resistance altered (see Art, 2-3L6) 
until the meter reads 1/5 of its previous reading^, that is, 2 milliam- 
pores. Under such conditions (with the shunt connected), a reading of 
2 inilliamperes on the meter would mean that 10 milliamperes war# 
actually flowing through the main circuit. Likewise, fulLscaie de- 
flection (10 ma.) would indicate a 50 milliampero flow, although the 
needle pointed only to the 10 milliainporo division of the scale. Con- 
sequently, in this particular case, whenever the shunt is connected, 
any current reading obtained on tke meter scale must be midtiplied 
by 5 to find the true cnrrmt. 

The rncihocl oiitlinetl ab()ve provides a very simple moans 
for making meter Bhunis accurately and quickly. 

2-16. Materials for Shunts. » -IV I e ter slumts should be suf- 
ficiently large*, in physical size so that they are able to carry the 
required currcuit without undxie heating (sufficiemt to insure cool 
operation) , and they nmst be made of a metal which has a very 
low temperature coefficient of resistance, so that the value of their 
resistance does not change apprt'ciably with changes in tempera- 
ture. Since tlie resistance of Manganin and certain German- 
silver alloys is affected very little by ortiinary changes in tem- 
perature, they are used extensively for meter shunts. Several 
shunts for increasing the range of a milliammeter are shown at 
the right of Fig. 2-11. Notice that the shunt at the left, for the 
lOO-ma, range, is of thicker wire (lower resistance) than the one 
at the center for the 25 ma, range. 

Wlien making a shunt by the method described in Art, 2-15, 
It is l)CHt to start first with a piece of shunt-metal strip or wire 
of such a sir*o that it has a slightly lower resistance than is re- 
quired, This win be Indicated by tlm fact that when it is con- 
nected pt‘rinnncnf ly across the meter fcrminals, the meter will 
read lower than i« desired. The resistance of the shunt can then 
be ifioria##d gradually by scraping or filing it ciyrefully at the 
middle, io m slightly to reduce its cross-section area and th,u« 
inoresic its imiitance slightly. This must be continued carefully 
until the meter reads tti© correct value. 

2-17* Multi-range D-C Milliammeters A Amiaetem— A 

milliammeter or ammetor nmd not be limited to the mea»iir«n«at 
of a iingk current ran^. Any single milliammeter ^^mowment" 
:,can be made to measure several rang^ of current, and thus do 
ttwi work of ^v«ral ^*sirigle-range** meters, by using a aumb«r of 
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Huitably-c()tmt‘<‘teti siiimt re«iBt4}r0'' -tliiw iiiakiiig a mmiti-mn§^ 
meter of greater usefulness. 

There are several ways of doing this. A iitiiiitier of sliufii*, 
having the proper reaistanee %*alues» may l>e eofinecled iwro»« tli« 
meter and controlled by a mutable ecuiiart swiicti* or switch#*, 



Fig. 2-12. — Multi-range mil- 
li ammeter, or ammeter, mlaf 
ixulividuul thunt rwiiatom aal 
a range-selector awitob S* 


Fig. 2 in. Molli ranga mil- 
liammet^r nr amtnnTi-^r imiaif • 
single, iapp<Hi »hmM faaliilor 
and m r»miriHi*lt«t«r •wli«h. 


so that the proper value of sluiiit resistance may be pul mlo lyht 
circuit to provide, quickly, any range for which lh« iii«tntraimt 
is designed. One simple arnuig.i-inrnt cif this kind, lii which indi** 
vidual shunts of various rmmimm values may lie settled by a 
simple range-selector switch S, is shown in Fig. a*12* AaoAer 
arrangement which f.mploys a tapfied sliuiii nwilitor Inatead of 
individual ones is shown in Fig. 2-13. 

Although less costly, a diiadvaiiiai© of lti« arriiiii#* 

ment is that if one of the shunt •wtions baeoa^ fqwm '‘circuited 
in any way, the full current U» be mi%Hruirf^d will flow dirtily 
through the meter movement and damage #ifli«* II or Hit pdaitwr, 
wh«Q any of the range* to Hie left of the **op€ii” action u^d. 
In the system in Big. 2-12, damagi to any one ihwal dew not 
affect the operation of Hie m^er on any of lie c^er rang#*. 
'The meter ranpis tm usually miwrked at Hhe varlou* iirmltkins of 
the range-selector switeh. 

Ano^w multi^rmnge syat^ which 4mB aci fuquirt a ra«i^ 
selector awitch, is Aown ha Mg* 3-t4* 'la ttito whm 
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file 0-1 riiiigi! i» Iwiiig used, the eireuit in eoimected tu terminals 
*4 and II. Hicffi mid Mg arti in aeries with each ^ther te form 
the alltint, When the O-ICK) range is being used, the circuit is 
coniitHneil tn tiTininfils A and C, By tracing the two paths of 
flow of th# currtnii, it can be seen tliiit resistor jKi now acts as 
fill* sliiiat, find resistor Iff is in series with the meter movement. 

The advnntar''- of the m* rang* 'men is of Figa. 2-12 and 2-13 
mm thii! of Fig, 2-14 is that in the former the external connac- 
liofiH to the instrument need not he disfurbeil when changing 
front one rnitge to iiiiotlier, while in the latter, one wire of the 
external rirruii must l»e moved to another terminal on the In- 
striimeni, For tills rtmscm, the arrangement of Fig. 2-12 is used 
most often in the multi-range current indicators employed in sat 
iinalyiari, miilii-tattars, etc., although the others are also used. 

Most tnulti-raiig,i* metert are designed to have ranges in 
various fiiiiltiplea of S, such m O-I, 0-5, 0-50, 0-250, ate. Multi- 
riinge, millifimmaters and ammeters are employed extensively in 
many of the common test Instruments used in radio test and 
service work. Among these, are ^’circuit tester8*\ ''analyzers**, 
checkers, "rnultl -testers’*, ete.—as we shall »ee later, 
a- 18, Th® D-€ Voltmeter. •Voltmeters are used for measur- 
ing ill® rlcrfriV i*?'^ •.■-’ov-, «r voltage^ between two points in an 



i-loefrk circuit. It it *‘vohagt!:** wMeh mu9m an ilaetiic cur- 
rent to iow kk a conductor. For this reasont it is often called 
•leoincol prrmun^ dmee It is analogous to too prewur® wMch 
#ai^i liquids «ad to iow la wlteMe pi|^ or oc»teio«a 



liAUIO SEEVICIMli 


€11. It 


The lueaaureiuerii nt voUuge with i% vultiiiricr w biiH«^i| mi 
the fuiKlfiriicntal prineiple that: 

**// the *rmhlance" oj a device is ike 

amouni of currmi ihut will flaw ihmu^k ii w praptw- 
tional to the * voltage* that k applied (a $i/‘ 
in otiier warciH, if tht* vulluKe im liuuhlf^l. twivr ari nmrh nirrot’ii 
flowa; if the iw tripled, three inurh rurmif thiw«, 

etc. Thin applic's ^^rietly If) th-r eireuitf< i»nly In n^-v 
several oilier faetorn soeh m iitdisetaHee, rnpafU rtr , iimy 
also greatly affect t-he ctirreitf. 

Now, therefore, if a eurrehl ooenHoriiig iiini ryjiirni roii- 
iiected acroHH a wnirre of voltage, aial the re»O‘0iiiiri‘ of tJna nt- 
ainuueiii ih of coiiHtiiiit value {n^ it a!w{i>f^ iM», lio-n ^fuiice 
/rrJV/iiJ, the (‘urn*ni which will flow thrmigh it will In* «hrerily 
proportional to the voltage arroaa wliirh tlw iroilriiriifiiii i« eoft" 
neeied. (''onHecpieidly, inalcnd of tuarkiiig si.^i nrair li.i iiiihciiie 
the rurrent flowing tlirfuigh \t. we cati mhhrnte ii Ut miliral#? 
directly the voltage applied to itn teniiuiiiU, msd tlaeii u.i»# ilie 
ineior to measure and indicaif* *’ volt age’*, If lieroiiien n 

voltmeter. 

.fust how thin works out in prartsce, eaii hr dht«triited hy the 
folhaving; typical exfunph*: 


Example: Uit w iisiHuinr that wr Imv*^ m Wiwioa $t»i the 

milHammeWr, having a raage of I miaM.mpm’€>. w# 

to mmk# of it, & d»c: voltmeu^r imvin^ m range of Ififi mii9^ 

Referring to th# meter rimUtanCT? iahlfi in Art, 244. w# §n4 tliat 
m 0«1 Wtiton Model Bill adtliatnin.'S-r m mwinta nee of 27 ohma^ 
The interim! amingonauif of the- m*’?er in nhoww in Elg. 2- If*. W« 
know that when 1 mllliampere of current flowt IhrontR ilito 
movement, it will deflect the pointar over tha full utala. Wa 
to mak«* a tOO^volt voltmeter of it, that it, wh«» wm mpmtf liMI wll* 
to th® iaatrument It muit make 1 inilliaiwper® nf ewmmt flow 
it and caute the pointer to defltvt to the ©mi of Ih® a hr p#iiit 

marked *400 yolti**). Howiwer, we fmnd that thm rmmtmnm «ttr 
mniiammet<?r in only 27 olmri. If w® apply 100 wlta to It, a 
of /r:r;AVE-''-l 00/27 or tfw will fl*»w 

through it! Obviously this will not only mak# Ih# pointor » pa«l thm 
®»d of the scale and dfmiage Itialf agminat tlm but it will act- 

ually burn out the thin wire of th® movabk i&oll a« wall fr»*niewlier 
what WMi amid in Art. 2*0 alKait th® rurrcnf'earrylng enpaclly of 
taovmfol® ooila). 

11 that w« must put aomethlnir t« wiolar to 

limit current to t atllltatii.p«r« whoa Ih# mlm it applied u* It, 
so that the pointer will b« dbi^ted mawly to ^ last iVmmmt m 
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the scale (now marked in volts ujp to 100). Naturally^ we can limit 
the current by connecting a resistor R in series with the movable 
coil— as shown in Pig. 2-16. Prom Ohm^s law li5s=JSr/J, it is possible 
to calculate the value of the total resistance which the completed 
meter must have in order that when 100 volts is applied to it, only 1 
millianypere of current (0.001 ampere) will flow through it. This is 
jR=iF//r=:100/0.001=?100,000 ohms. Therefore we must connect a 
resistor R of 100,000 ohms in series with the movable coil as shown in 
Pig. 2-16 in order to complete our 100-volt range voltmeter. Actual- 
ly, the total resistance of the meter will now be 1 00,000 4-^'7=10O,O2t 
ohms. However, the resistance of the meter itself can be diswgarded 



Pio. 2-15.— The internal ar- 
rangement of our 1-ma. range 
millfammeter before convert- 
ing it into the voltmeter of 
2-16. The resistance Rm 
of fch© movable coil, is 27 ohms. 
The scale is calibrated to read 
**millianip«res*^— up to 1 ma. 


s^OLTS 



Fio. 2-16.— The general ar- 
rangement of the Instrument 
of Fig, 2-15 after a multiplier 
resistor R has been connected 
in series with its movable coil. 
This multiplier determines the 
range of the meteor. The scale 
is now calibrated to read 
— up to 100 volte. 


for 27 ohms more in 100,000 would make but slight diflferenee In ttie 
accuracy of the volta« reading. Only in 'Cases where eactreme pre- 
cision i« necessary and where the voltage to be mmuvtmd is small need 
the resistance of the movable coil be considered. A new acale marfciNJ 



In the foregoing example, we described how a 100-volt range 
voltmeter could be made from a 1-ma. milllammeter movement, 
in order to make clear the idea involved In the construotion of 
voltmeters. Voltmeters of any range can be made from suitable 
milliammeters in tihis way. The values of the rMlstoia require 
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can be calculated by the iiietlii«l in ting ly|iirai ex- 

ample. Thene ac‘ri<‘« rcwiHturg are rnllcil muliiplit^r rrtijlttr#, ilf 
courae, complete voltmetera already willi firtipfr iiitilti* 

piier resistors and suitidile scales are inacki Ity eliwirical ttiiiru- 
mant manufacturers. These are tin* v«4ltneiers imiially 

Sinuining up then, It is evident fnun the h>rr^'> that a tl«fl 
voltmeter really etiusisls fundiuiif*iiifilly «»t an • ^ ^ ii*r ttiiili- 

ammeter *bnovement*^ rinmectt^d m si'rirs wuili ti gniinble 
tiplier^^ resistor. It has a suitably ralsbratril smlr niiirknl l« 
indicate “volts*^ Since the rrsi.Hfance i»f fhr riilire inf^truinnil m 
constant, the current ilo^ving threnigh ilr--'-aiiii tli« ilellerinni nf 

the pointer- -will be directly prtii|Hirtiuniil In the vnltagc ilg ter* 

minals are connected to. Hio stude iiiay rnbliratrd tti irnli. 
cate the directly. 

2-19. Why High-reslstanee Voltmet^m ar** 5inr« 

the funetiiin of a voltmeter in merely l»» nietisnrr Hie vtdiag# 
existing across a given circuit, it should inti ififlurnce in any way 
the circuit across which it is connected. All vuliiiicterg ilo ncit 
fulfill this rtajuirement. Since the internal eircttii of the voti- 
meter forms a complete path for the flow of nirrenl, the viiltagt 
across which it is connected will alwtiy# send sofiie riirr^til 
tlirough It, i.e., the voltmeter will take in^uius rtirntril Iroifi tli« 
circuit. This is really the currant wtiicb acluaitifi the mater. 
How much current it takes will de|>®iid upm the niagniliidte #f lh« 
voltage being measured and the total rvsisljuiee of the vollmtter 
itself, since J ss B/B. 

In many voltage mcHHunnnentg ini^e in rMlo work C«pi- 
cially tliose In high-imistance circuits in wliieh iMBall emri^nte 
are flowing), the amount of mrtmi which flowt through the wil* 
meter during the umiHun mi^ni l« mtj iriipurtanl, i»i il ia de- 
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voltage is measured by a voltmeter whiob draws mx appreciable 
current (an ^^ordinary^^ voltmeter), let us consider a typical case^ 
Consider (A) of Fig. 2-17. A voltage of 200 volts is being 
applied across resistors JBj and Eg in series. They might be resis- 
tors in the plate circuit of a vacuum tube in a radio set. The 
total resistance of Ex and Eg is 20,000 ohms. The 

current flowing is, therefore, /=j®'/B=200/20, 000=0.01 ampere. 
The voltage actually existing across Eg (and also across Eg) is 
i2?=JXB=:0.01Xl0,0D0==100 volts. 

Now suppose we try to measure the voltage across Ex or Eg 
with an ordinary 100-volt range voltmeter — one employing a 




Fig. 2-17.— (A): A typical circuit showing all resistances and 
voltages before a voltmeter is connected. 

(B ) : The same circuit, showing all rcHi.siances and volta^s 
after a voltmeter is connected to read the voltage across R|# The 
voltmeter draws so much current from the circuit, that it alters the 
voltages across Ef and JR,, and therefore gives a false reading. 

10 ma. basic movement. Obviously, the resistance of this volt- 
meter is aqua! to JR«,=j^/J= 100/0.01=:10,000 ohms. Now, if 
this voltmeter is connected across Ex as shown at (B) the total 
resistance of the circuit will be changed. The combined resist- 
ance of Ex and the voltmeter resistance Em in parallel is equal to 
„ RtXRm 10,000X10,000 

^ =' B,+R„ 10,000+10,000 

with resistor E$ of 10,000 ohms, results in a total circuit imlst- 
anoe of 50004"10,(WOs=15,000 ohms. The total ourr«nt now 
flowing is, then, J=;Jff/JR=:200/15, 000=0.0183 ampene. The volt- 
age actually existing aero« Eg when the voltmeter is connected 
across B| is ^«=ssJX-Bf2=0.018SXlO,OOOs=:138 volts, and that 
acr 0 $$ Eg and tha voltmeter w but $00—lSS, 07 mlUf 
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It is evident tliiit the viiitmeter lor tliw 
urement doea not give m itm intlsettiit^n of the vollage of iht 
eirouitr— bacatiae aa «oon ai it is eonneet€wl to ih® eireiiil* it altert 
the currents and voltages which pn-vit^u.-^ly A 

100 67 (or 33 volts in civcry ICH')) orrurritii in tliw rii#e. Tlii« m 

a 33% error— far too great U» iw tidoriitnl in miy ^orl of radio 
work. 

A gtH>d working riilo ti> ri’iiioinher whrri lining ii %'oiliiioier 
ii that: the rematancr of the valt meter f Hi remsit^nte f&r ih§ 
parlictdar range empltood) nhotdd be ni hmt !U tinmi tk 0 r#- 
mtame of the circuit acrm$ mhu*h it ij ccnnecied when mmkw^ 
the voltage memurrmmi, Thun, if in Fig. 2-17* ilit rmmtmnm 
Rm of the voltmeter omployoti hiid ltrf*n oliriii. llit’ clmitgi 

in I'oltage acro^s Rt when the tneUT wiufi eioin«rl«nl wniihl have 
been very Hinall, entirely within the limits t4d«riiiei| in Midinory 
radio service work, lliis aa om prorfira! illiiairalloa of 

the necessity for high'-rcmniancc voliniotara in ratllo twii work. 

2-20. High-realitance Valtnfietera.Osir i|$,iirtiwiori of whal 
happens in a typical liigh-resistiinre rimiit when iiri or«hnary 
medium-rasistance voltmeter is used to mpnmtfp %'oltage in it 
(Art. 2-19) serves to point <»tjt the fact timl ati apfirfe lalile error 
may result if tlie meter Inis too low a resist niieit ^ir fiiiiiing ii 
another way, if the metmr riiovemeiit r«|tiires liwi murli nirreril 
to actuate it. What we need is a nieier riioveiiient that i« very 
*%eniitive*^ that Is, one that ref|uires very little h;.- riirrent 

to move ite coil and its pointer over fiill-fME?#ile tlefleclicifi,. l*loi 
is accomplished by making the meter mdlli m %"ery «triitig niiecial 
alloy-steel magnet, a short air gafi afid a inovalib eiill of 

many turns of extremely thin wlre--"Wirt! thintier lliftii a litiftiaii 
hair! Since this type of meter mommmt r«|iiires very little 
current to actuate It, the series multiplier retiitanoe mtiii ^ of 
quite high value—thua giving us a voltmeter having m hlili w- 
sisianoc, that Is, a high’^roHi^tanci voltmeter. 

At the present time, several forms of hlih^nwislsmoe d-e volte 
metem are popular in radio te»t work. One cmplfiy^ m temilli* 
ampere basic meter '**mov©iii©iit*^ that is, Hie tieetlit timvei mnm 
tee Ml scale when 1 nfilliamptTt^ (O.OOl ampere) flowii Ihrciiigti 
tee movable coll of the iiiitrumeiit. Such a voiloieter km m m* 
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sistance of 1/0.001=1,000 ohms per volt of its range, i,e., 1000 
ohms-^per-^volt. Thus a meter of this kind having a range of 300 
volts would have a total resistance of 300X^000=300,000 ohms. 

The ohms^per-'Volt value of a voltmeter is equal to 
the total resistance of the meter, divided by the tnem- 
mum voltage marked upon that scale for which this re- 
sistance is spceifiedT 

This is so, r(‘giirdl(*ss of the voltage that will be applicsd ciuring 
any measurement. 

A more sensitive form of high-resistance voltmeter which 
has coined into use lately is one employing a 50-mic.roampere 



Fia 2-lB.— A typical ininiaiur**, portable, 3*ran«f 
lOOO-ohms-par-volt voltmeter having range.n of 10; 250 and 760 volti 
d-c, (Weston Model 480.) 

{Bight) i A 1 000 -cihnxr.-per- volt panel type voltmeter only 
2™inch®» in diameter. Note the uniform width of the various ical® 
divisions. (Weston Model 606.) 


basic meter “movement^^, that is, one in which the needle moves 
HcroHH tlie full scale when 50 iiucniampt‘n*H (ChOCKMM ampere) 
flows through the mcjvable coiL Such a voltmeter has a resist- 
ance of 1/0.01)005 2().0()() ohiuH per volt of its range, I.e., 20,000 

ohms-ptu'-vidf , This meter is 20 times as seriBitlve a» the 1,TO0 
ohms-per-volt type, and, since ita resistanee la tO times st high, 
it has only 1/20 as much elTect on the condition of any circuit to 
which it may be camweimL Meters even more sensitive than thii 
are made, but they are not generally for use. 

A typical high-rcrsiKlaucc portable voltmeter, which l« handy 
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for voltage meaaurciiieiit® in ratlio reeeivrw aiicl |k,»%%‘rr iifiit*, i* 
iilustratedi at the left of Fig. 2*iS. It is^ m 4*liii»*|M’r*vpli 

meter having ranges of 10; 2W and iW volta cl-r. llie t»«l#r at 
the right ia a 2-ineh diameter d«c volitneier, liav- 

ing a resistance of l|000 Voliiiiettfri **:u;>!* In 

radio service work are also built m integral part# «f viili-ciliin* 
meters, circuit testers, act unHly7.fr.M. etc., m wr aliall iw« later. 

It should be remeniberinl that it m not I'Hiasiblti i4i make m 
high-resistan<’e voltmeter (of the siiriie range I Irttitt an orditiary 
low resistance voltmeter simply by rcitinerliiig adtiiiiofial 
ance in series with it, for this amuld only reduce the current 
through the meter and reciura the defleclinn tif the fioiiilar pro* 
portionaiely. A high-resiMinnre voltmeter in liiiicifiitwiiially tlif^ 
farent from a low, or medium-resistance tyf»e in that it ein|»loy» 
a more ^^sansitiv©^' baalo mater ‘^movaiinaiil^'—^cin# that 
l€$M cwT0nt to deflect Its pointer m given amount. 

Voltmeters having an ohnc' 'per-\t*!f value a# low m Idi mm 
used in ordinary electrical work in which circuila of 
tively low-r6«i«tanee and carrying fairly large eiirrenl# are dealt 
with. In this class of work, the few «if ciirreiil 

taken by the meter does not cause any objeetionable error. 

2-21* Multi-range Voltmeters* —It Is eommon to conalmel 
voltmeters so that they have more than a sliiile rang#. This 



Fio* 2-10.— A d-c volteieter 
employing a tapped multiplier 
reftiator, and indi'ddttsl term- 
inala for lui^ch range. 



Fio, d*# volliHMtor 

empleirlag a teipp^ in^iltipher 
resisior and a 

for nwitelilng fr«» one tma#* 
te arwttor * 


may be don© ia either of two waye* A mtilWplier imMor 

may be tapped at suitable pointe, as ihown ia Fig, l-It, m, 
individuid r^ietore of proper values mmj 1^ ocoaiwIW m 
In Fig. 2-ai. llie latter arrangement te lulvstitagcoiis, ter, U 
one resistor rfmuld become 'h>pen-clmiitcd/» it will Mi ^ 
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operation of the meter on the other ranges, as would be the case 
in the meter of Fig. 2-19. 

In the meter of Fig. 2-19, the terminal at the left serves 
as the '^common” terminal. There is one additional terminal for 
each range. In order to shift from one range to another, one of 



Pio, 2-21. — A d-c voltmeter 
employin#^ individual multiplier 
resistors and individual term- 
inals for each range. This ar- 
rangement is used in the volt- 
meter illustrated in Fig, 2-18 
(Le/«), 


Fig. 2-22. — A d-c voltmeter 
employing individual multiplier 
resistors and a range-switch 
for switching from one range 
to another quickly. 


the wires from the circuit being tested must be shifted from one 
terminal to another on the instrument. Tins is objectionabl© 
in some test work. To overcome this, the circuit arrangement 
shown in Fig, 2-20 is often used. Here, a rotary switch is employed 
as a * ‘range-switch’* to select any range -without disturbing the 
connections from the meter to the circuit under test. 

The arruiigement shown in Fig, 2-22 is an improvement, for 
convenience, over that shown in Fig, 2-21. Here, a 3-pomt range 
switch enables one to shift quickly from one range to another 
without disturbing any connections to the voltmeter. 

2-22. Extending Ranges of Existing D-C Voltnaeters. — 
The range of any d-c voltmeter may bo increased to any prac- 
tical value by connecting a “multiplier” resistnrurc, or resiitancei, 
in series with the meter, as shown in Fig. 2-23. The value of the 
“multiplier” resistance can be computed by the following method. 
The ohms-per-volt value of the voltmeter (which muiit knO'Wn) 
should be multiplied by the value of the “range” which i» to be 
increased, in order to obtain the total resistance of that particu- 
lar range of the voltmeter. Thlu product is then multipliM by 
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t!ie (ioHimi iruiliiplicr miit» luinuM I. 'TIhh iiiiiy lir by 

the fomuihi: 

Rm-- RaX Rtinge X Di - 1 1 
where -nHjuinHi inulfiplif-r reMHliirii-r iii 
/]d^,r";:;(j!inm“per“V(»it vnlue ef ihi^ 

range af the jiiriff in 
a v:inuH iiplier rat in. 

'Fhe tiHe nf thia fnrinula may he illtiHirHie*| ii\ ihr 
typical exfunple; 

Exaimple: We havt* m viillaa'ier witli rin»fc?»'r« *4 f»e »it 4 
volta. It« ohaiM-per-velt viiUie in geo. The ifai vi*ll riiiiife in l<» tw 
incrcmaed to tfiO voita* What vahie of atwltipla^r re«i»iiinrr U re<|iiir«fi 

Selatkm; The riinjce ia to in* amltlplieil hy TlttnTfte, nr ft. Ttivre* 
fore, thu rttquired muHipHer rminl^nm R^*^ff** X 

x= 200 xlSDx rUvHuf 141 — ISChTOci otimn 

Each reading taken nn the ifSO-voH aeale of the volinietor itiiiPt lli»« 
ba multipHcd by f* to obtain the trait voltage reading when the mnh 
tipllcr ia uaecL 

Wtiere it is deHtreci in ohltiin n hiwiT riifig«\ nr rangea. iltitii 
thoae for wliieh tlui meter waa oriKiiially iiiinlin ti m nere’r^nry 
to bring ont an external lead direct frtnn the lend i«niig in the 


COMPtETi VOLTMETER 



EXTERNAL MULTIPLIER 
RESISTOR ADDED TO 
INCREASE FORMER 
RANOC OF 
VOLTMt TER- 


HEW HIOH-RAHOE 

TERMINAL 


Fia. -A imitiihl# 

iarnal mnlUpUi^r r#ali»|jni^ 
may Im cniiiiact^^ t# tha 
**111011’* rang# itrwiiial mi m 
voltmeter |p circl^r tn 
ita raitf#. 


movable coil of the meter, as shown in Fig. 2 - 24 . ITie |ir«t|^r 
multiplier resistor for the lower range is ilieii enrinected in ««rt» 
with this lead, as shown. Any aeale reacUng tiikitn on till* new 
low-range is divided by the new mulllplkir raiiii l<i nblAitt the 
true current reading. In most eases, the adiiitiiiiiiil nniltlfiller 
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reniatancea will have to be mounted external to the meter — un- 
less there is enough room inside of the meter case for them. 

2-23, Making D-C Voltmeters from Milliammeters.^ — As 
has already been explained in Art. 2-18, any d-c milliammeter, or 
microainmeter, may be converted easily into a multi-range d-c 


'Fui. 2-24,— -How to obtain 
a lower range than those for 
which the voltmeter was de- 
signed. A new suitable mul- 
tiplier resistance is connected 
directly to the lead going to 
the movable coil. 



voltmeter by connecting suitable multiplier resistors to it (s 
Figs. 2-19, 20, 21, 22), Of course, a meter having a full-scale 
reading of 1 milliampere or less, is preferable to start with, for 
then it will make a high-resistance voltmeter (see Arts. 2-19 and 
2 - 20 ). 

The proper resistance values to employ for the multiplier 
resistors may be calculated by Ohm% law. For example: sup- 
pose that the meter on hand has a range of 1 milliampere, and 
It is desired to convert this meter into a voltmeter with a range 
of 250 volts. In this case, by dividing the desired voltage range 
(250) by the current consumption of the meter (1 milliampere, 
or 0,001 nnipcrcH) , we will obtain a value of 250,000 ohms for the 
nHpurcti multiplier resistor. This will result in a voltmeter hav- 
ing a sensitivity of 1000' ohms-per-volt. 

As the Internal resistance of most d-c mlcroainmeters and 
mllliammeters is low, often no higher than 50 or TO ohms 
table in Art. 2-14), It may be disregarded in computing multiplier 
resistances for the higher ranges, for It would make but slight 
difference in the accuracy of the readings. When the mater is 
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emj)l<jy<‘<i to measure low voltages, a« I of 5 v'liltn, howin’er, iti 
internal resistariee value shutiltl be t’oni^ol**rr»l niui siibiriieietl 
from the value of the total resistanre, in onlrr to «ibiftiri tlw act- 
ual multiplier resistanee. 

Followiru!; is a chart which has been pr«'|uiri‘«l to pIiow, »l t 
glance, the value of iiuiltiplier resistances, in tihiip, rri|iiirri| Ui 
make voltmeters, of any of the several ranges ?4prr*ifo"4. from tl-c 
raioroammeters or milHammeters having roininon raiigw atnl 
fairly low resistances. 

MUI/riPUEE KKSISTOKS KKt^riKKti TO MAKE 
VOLTMETER.^ OUT OF IhC MIM lAMMiriKUS 
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Fw. 2-25.— -Chart ihowlng the exact miiltipliar rmMM»m (la §kmh 
to ba used to convert any 4*« 

micn»auimt!t<*r, or milUammeler# tela m d-e volliitl#? of 
any of the r«‘Viral rang^i apectied. 

To illustrate tet use of tliia ohart, Itl il b« dwliwl to emiwrt 
& LB-ma. milliammeter into a voltmeter havtog r«f» of 1, li» 
IBO and BOO volte. Individual mulUpller reslitow me to ^ iiii, 
eonateted as shown In Fig. 2-2L Glancing down to# v©fii«<ri 
column headed IJ ma., wt find 'that for a raop of I voll, a 
mulMplIer rmi&tor of 3§7 ohms Is retphre#!; for 10 volte, $fiW 
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ohms; for 150 volts, 100,000 ohms; for 500 volts, 333,000 ohms. 

2-24* Multiplier Resistors for Voltmeters. — The resistors 
used as ‘^multipliers’' to extend the ranges of voltmeters, or to 
convert milliammeters into voltmeters, should be of the precision 
type with a tolerance not over 2 per cent, and permanent in 
value. Some typical resistors made especially for this purpose 
are shown in Fig. 2-26. It is possible to procure commercial re- 
sistors of a high degree of accuracy, having a tolerance of 1 per 
cent or less, plus or minus. These special wire- wound resistors 
make it simple to convert meters into multi-range instruments 
with every assurance that the readings will be as accurate as the 
original accuracy of the meter movement employed will permit, 

2-25. Making a Combination Volt-ammeter* — We have 
shown (Arts. 2-9, 2-10 and 2-18), that the construction of the 
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FlO* 2 - 26 *— Typical preci»ion-type wire-wound multiplier rwilators 
for increasinsT the ranges of voltmeters— or making voltmeters of any 
desired ranges from microammeters or milliammeters, 

mM 0 r mov 0 ment for a d-c ammeter is exactly the same as that of 
a d -0 microammeter, milliammeter, or voltmeter. The difference 
between these instruments lies simply in the fact that, in the am- 
meter, low'-remtances are connected in Mhunt or parallel with the 
meter movement, whereas, in the voltmeter, high^remtanceE are 
connected in tertef with it. By using the proper terminal and 
switching arrangement for the various ‘‘shunts*’ and “multipliers’V 
it is possible to make a very useful combination instrument 
which may be used either as a multi-range milliammeter, amme- 
ter, or voltmeter. An ordinary 0-1 d-c milliammeter is used for 
the “movement**. The schematic diagram sliowing the connec- 
tion and values of all resistors re.q\nre<l, if a Weston model 301 
d-c 0-1 milliammeter is employed (from the table in Art. 2-14 we 
ftnd its resistance to be 27 ohms), is shown in Fig. 2-27. l%ls 
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game arraiigeiiiciit, reai«t<ir^ uf .^uitfiblr vaiyr«, iniiy tw iiMt’ii 
whea some other model or make of im*iriiiiieiii i« .y’*' y^' !. Of 
course, the resistimee of the meter movemeni he ktitiwn 

first, in any case, The shimt resisturs iiiny la? riilriil*i!e4 |,iy the 
formula given in Art. 2-13. The m?ilf r tmmUtm fur the volt- 
meter may be eakulatcni by the methti«l of Art. 2-2:1, or may b# 
found from the table in Fig. 2-2B. 

Tracing through the circuit of the wlHn%'fi in Fig. 

2-27, we fmil that when awitch SW-I, an lUihiinrv S F H 1' foggle 


WCSTON MOOCi, 'lOl 
/ )o-i MA Mr.fi. a 
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AMP. 


Fio, 2-27«"'«fy>jm>let*‘ circuit fhagratn pf m %-mm. 4»i? 
meter arrauKtid to form m multi-riiri|r« «faf«©l«r mni 

volteieter providing rangei of I, 10, 100 mWAmm^rr* I, HI 
1» no, 100, 1000 volti. 


switch, i$ closed, the uinc-|H>int selector swilrli tSIF-f itiiiy l*ff 
turned to the right to select any of the sliiitii resiittiri* S m or*ler 
to convert the mater into ii multi-range niilliainitseier or atiiiiw- 
tar. When switch SW-I i« open, and selector swileli m 

turned to the left, ttie niultiplier reeliitorii ii mm put in 
with the meter movcuncnf., and tharefcir© con^'tirt it m itiiiltl- 
range voltmeter. Note that the !ua’-r;oiy.#' ctirritni, iifnl viiilaf#, 
taps are at the extreme ends of the selector iwitcli, Clf cciiir*#. 
these ranges may bo extended, (or diflfeinint clesiretl rtingiw itimy tw 
obtained) by using shunt and multiplier retfatow of dlffeewal 
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vahiee, calculated by the inetiiods discussc<i in the Articles pre- 
viously inentioned. 

By employing a third binding post terminal, and the circuit 
arrangement shown in Fig. 2-28, the toggle switch jSW'-I of Fig. 
2-27 may be eliminated. 

An instrument of this kind is very useful in radio test and 
service work, since one instrument is made to do the work of 
several meters. As we shall see later, such meters having suit- 
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. ^ / CRESfS. 27 OHMS> 
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Fm. 2-28.— The same circuit as shown in B'ig. 2-27 with the 
exception that toggle-Hwitch SW^-t has been eliminated by the addi- 
tion of another terminal post to the in«trument. 


able ranges are I'tnmiunily emphiyed in radio set analysers. 

2-26, Instruments for A-C Measurements. ™ The milliam- 
meiers and voltmeters thus far discussed have been of the d-c 
movable-coil type, which are empitiyed in iiireet-cnirrent meaa- 
urementB. I'his typo of meter will not function when connected 
directly in an alternating current circuit, heeiiuse iluring one 
alternation the current flows through the movable coll In one 
<iirectioii, and on the follow^ing alternation both the current and 
the magnetic fioles of the movable coil revcfr.se and will, there- 
fore tend to deflect It in the opposite? diraetlon. Th€»e altema- 
tioni of the a-c current follow one another »o rapidly that the 
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moving €iemeiit, in tt»nding to oliry onr isnjrtibr, will ulimwi 
iiniuediately bo cau«iHi ti) Im moved in Ibtf u|i|»iwile direr! lun by 
tkm next impuke, with the re«alt that the indicftting itc«4I« ^*111 
remain practically stationary, treiiililing uliglitly at ilio iffri* 
position. Since pm-innneut-nuignt’t iitplrmnefil# «:»finot he 
to measure alternating currents unless a reeliier is iiaed with 
them (see Art. 2-30), they are grnrnilly failed diwtt currmt in- 
struments. 

2-27. Movable-Iron Type A-C Instruments.-Ther# art sev- 
eral types of movements used in ordinary nmmwrr'ml a-r irisirii* 
ments. The Weston movable-irtm type is i»nr. and it m used 
primarily for measuring alternating rurmnlii and vultage#, A 
detailed description and explanation of its fonnlriirliufi 

The stationary coil of this form of initrometil I* wniiati wlili a 
few turns of heavy copper wire when the inetrumeal i# l-o h# aiied m 
an ammeter. In this cast the coil is merely In witii 

the circuit in the usual manner. When th# meter Is lo fo# um4 a» a 
voltmeter, a large number of turns of fine wire are wouaii on the ©oil, 
and, connected in series with this coll it an afctirat#ly-adjiist#il high 
resistance. 

As shown In Fig. 2-20, the movable armature M, wtiicti li#i 
in the center of the coil C, csoniists of a srimll strip of iofi ircin. 



FlO* 2-20.-«Th# movfddf-lron type movement uaiii In 
Instriments. The ropulnion between the livtt 

m«t ^ Interior •«»»#► 


semi-circular in shape, soured to a vertical iliaft y^nsiptirt^nj 

it ow turn freely in Jewel bewingi. The poiater P ie fiuitMed 
to th© upper end of th© shaft and tumi wi^b it# A itoalL 

fitting, thin vMie (not ebown) it nttaobed to Oi« pointer mmI 
movee in a tmall nir compartment. At Sila vane novae In tin 
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closed air compartment, like a piston in a pump, it provides the 
damping required to prevent the pointer from oscillating, and 
thus makes the instrument ^^dead beat.'* Close to the movable- 
iron armature M is secured a stationary wedge-shaped piece of 


Fia. 2-80.—- A **phantom^' in- 
terior view of the * ^movement” 
in a movable-iron type a-c am- 
meter or voltmeter. Thie la 
similar to that shown in Fig, 
2-29. Notice the curved iron 
strips at the center. 
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curved soft-iron N, with its small end rounded off as shown. 
This piece of iron is securely held in place, does not move, and 
has no connection to the movable armature vane M or to the 
shaft. 

When the coil is connected in the circuit, the current flow- 
ing through it sets up a magnetic fleld through its center and 
both soft-iron vanes become magnetiased. The upper edges of 
each will always have a similar magnetic polarity, and the lower 
edges will also always have a similar magnetic polarity—when 
both upper edges are north poles both lower edges are south poles, 
and vice versa. Therefore, there will always be a mutual repulsion 
between the two upper edges and also between the two lower 
edges of these soft-iron strips, no matter in which direction the 
©urr«at is flowing through the coil. Consequently, the instru- 
ment emu be used either in d-o or in a-e circuits. The sidewise 
repulsion tends to make the movable vane M slide around from' 
the fixed one N, and, in so doing, mo’vm the pointer, i^ainst the 
action of the hair spxinpi, over the graduate Male, and indl- 


S8 mnn'AiS EAiiio seevicimc; ch.ii 

catiw th€ vtiliH or mi tiir iiif^triiinrfii 

is constructed nnrl etumectetl m ft viilttiitdcr or » »ii mtmtmimr. 
A phantom interior view of #i meter of ilsii* type m hhtnvn m Fir. 
2-3CK An exferniil view of a snmll 2«ineli iiinio«Ut^r volifurirr of 
this type employed in riulio %vork is shown in Fik- 2dl|, 

2*28. Disaclvanta,ees of Movable-iron A-C Meters, ”■ Since 
the magnefie field prodiieed by the eiirreiit fhiwntig tl'ir<»iiglt the 



Fm. 2-31.' 'Kxtpririr vi#w t»f m 

small 2dneh iliaiiieler a-e ¥«liifi#l#r 
of the movahlw'droii lyt*# shown In 
Fig. 2-2P. N«l# 111# noH’'mniferffi 
scab tlivinicnip '-‘'crpw’ii#ii ai th« 
lowar emi. iWeslim ftlt.l 
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coils of movahle-irtm type inairuineiils m luriiiecl pr. "o all 
In air, this field is comparatively weak. la** 

strumt^te require more current (usually from 15 Iri IMl ma.) In 
the field coil to produce movetneiit of the poitil<sr tliftfi tlie fwrtna* 
n(*nt™nmgiu*t. movablocoil type insiruiiienta tin. "flierefore* llitty 
are not as ‘sensitive’, anil are unsuitcsl for the rsirastireiiitfiit «if 
very weak rurrents, or the iirciirate iiieiisiireiiii?iil t»f in 

circuits where the volt4aet«jr must not ilriiw tniicli rurreril 
Art. 2-19). Consequently they are not ■! rsiwli in radio 

service work. 

A triple range, portable a-e voltmeter of tlie fBc»v»lil®-ir«i« 
type ii shown in Fig. 2-32. Ai an of the low :S:'vd 

inherent in this tyfie of meter let us ecintitler the resialaiir© vaim^# 
of the various ranges of thia particular Iristruffieirii. Ttie raoi« 
are 150, 8 and 4 volte. The oorrespunding rncfter w drdnnci* valuei 
are 10,000, SO and 40 ohms, rt*spt*rltv«‘!y, on Ih# 

150-volt range we have a sensitivity of only 
ohms-per-voitf On the 8- and 4-volt raiigt*, th% •tnaiilvllf of 
the meter it very mneh lower (only It ohmi-i^r-wlt) * 
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As they have non-uniform scales, with the divisions closely 
spaced near the bottom and much more ^‘open’^ near the upper 
end, as shown in the meter of Fig. 2-31, care should be taken, 
when instruments of this type are being purchased, that their 
range be such that the values to be measured come at the “open’' 
part of the scale, rather than near the crowded, lower end, where 
it is difficult to read the position of the pointer accurately. 

The non-uniformity of the scale on the movable-iron type of 
a-c instrument is due to the fact that the deflection of the 
pointer is proportional to the square of the current flowing. In 
the d-c movable-coil type instrument, the permanent magnet 
supplies one of the the two required fields; hence the movement 
of the coil is directly proportional to the current. In the a-c 
instrument, the repulsion is proportional to the product of the 
magnetism in each vane, and, since the same current magnetizes 
both vanes, the moving force (and the deflection of the pointer) 
is proportional to the square of the current. Hence, the scale 
must be marked according to the square root of the movements, 
if d?=P, then I:=z:\/ d), 

2-29. Extending Ranges of A-C Movable-iron Voltmeters, 
—As in the case of the d-c instrument, the a-c meter movement 


Fxo. 2-32.-- 'A portable triplc-ranfro 
voltmeter of the movable-iron type. 
Pour terminals are provided— one is 
a common terminal, (Weston Model 

52S.) 



€owrt0»i/ 0»rp* 


hm a certain deflnite value of internal resistance, and the volt- 
meter scale may be extended 'by the use of the resistance form 
of multiplier. Sin^ ,ineto.i^u^jftvinore ctirrent to act- 
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uate it, the multiplier mti^t have m highrr fiuwe^r ralifig 

than tlmse iweil with d-e luetera. The viilne uf the finiltiplier 
ret^btanee may be dtdenntned in the nuttw miniiier it* eiii- 
ployecl in the eaee with fi-e vctltmetern inee Art. 2-'i2t. The full- 
scale reading at the meter in vidta Hlimihl la» urd-t-p***' 1 by the 
ohm«-per-volt value in find the **tutar' resiulttnce nf the tiieler. 
This product b then multiplied by llie desirerl muhip!irr rat in 
miniie 1 (see Art. 2-22). 

2 - 30 . Rectifier Type A-C Instruments. -In flic measiirefrient 
of alternating current or voltage In a ra«ilo receiver, it m iriifMirl* 



APPLim 

a,c. 

VOLTAat 


halt, wave 
aecTirieo 
cyaacHT 
••iPULmrim ckc.t 




REICTIFIER 




<C) CURWCNT FLOW 


0.C. MCTta 
MO¥«M«N!T WITH 
HALf-WAVt 

arc t If: a 


Pio. 2-SS.— How a simple half-wav# rectifier muwmWi la mt^ 
with a d-c meter movement In an a-c cirenit allows a mrvmt I# i»ft 
in only one direction (d-« current) through the meter, «•#» 

half of every cycle. 

ant, in moat oases, that the lumtHuring inatruinent wmry 
cuTT'eat, or power, for it« operation, Just m w# foiini wm Ubi 
case with d-o measuremente (Art. 2-19). One pmetimlmt miampla 
of this is the measurement of the output sipiai voltaf^i of rmtio 
receivers during the aligning of the tuned stapWi «t©. If m 
ordinary movable-iron type a-o voltmeter wtie ctutiuictcd imraw 
the output terminals of a receiver in ord« to measure tihe m^A 
voltage, it would abmrb a comparaMvely liy^ of liss 

small power avaUable, and t^e rmidintp would M tm 
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from accurate. Wherea«, d-c voltmeters requiring an actuating 
current of only or 1 milliainpere to secure full-scale deflec- 
tion are easily obtainable; a-c voltmeters of the movable-iron 
type usually require in the neighborhood of 5 to 20 milliamperes 
(depending upon the range) for full-scale deflection, the electrical 
power consumed by them usually being of the order of several 
watts I 

The advantages of the low current consumption (high sen- 
sitivity) of the d-c movable-coil meter movement can be re- 
tained for nu'nsuring low or high a-c voltages and currents, such 
as arc‘ involv(*d in the output circuits of radio receivers and the 
high secomlary vtjltages of power transformers, etc., by using 
a suitable sensitive d-c movement in connecti m with a copper- 
oxide type rectifier. The rectifier changes the alternating current 
to direct current, which the meter movement is able to measure. 

2-31. Operation of the Meter-rectifier.— A rectifier is a de- 
vice which presents a high resistance to the flow of current 
through it in one direction, and a comparatively low resistance 
to the flow of current through it in the opposite direction. There- 
fore, if an alternating voltage (.A) of Fig. 2-33 is applied to the 
terminals of a simple rectifier, current can flow through it only in 
one direction, so the current flowing is a pulsating direct current, 
flowing for half a cycle, only, during each cycle of the applied 
a-c voltage — as shown at (B). A rectifier urrangtuneni of this 
kind is called a half-^wave rectifier, since it allows current to flow 
through the circuit only during half of each a-c cycle or wave. 

If such a rectifier is connected in series with a d-c meter 
movement as shown at (C), the meter will read only about half 
of what it should, because only half of each cycle of current flows 
through it and a d-c meter movement reads the average value 
of the current flowing. 

In order to have the meter read the full value, the current 
must be made to flow through it in the same direction during 
both halves of each cycle. This is accomplished by combining 
two half-wave rectifier circuits (employing four half-wave iw- 
tifier units) in a Wheatstone bridge arrangement, as shown at 
(C) of Fig. 2-34. In this case, if an a-c voltage (A) is applied 
to the combination, current flows tJbrough the meter in the same 
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MOIIERH EAIHO SElIVtflHa 


II 


ditwiioii during hath liiilvt*^ td Ftdown «f ^Ifi 

The <)penitu»n tlie fiil^wiivi* riTiiller rirruit ^ * / 

four half-wiive rwiltwr^ A. H, <\ IK umy Im- ilhiMtrzitrd by ifir 
<iiaKrnnis of Fi^. ’i-Rfi, T!ie nrnov «iit fhi* rorUlirr f^yiiiiiid uw4 
in tlie ciingriiuiJ^ inclirfUeM tlu' dirs’ot i**u m «'hirh rurmtt i# iil4r 



A^Pi If.O A 
VO 4 TA^il 


rwL i wAvf 
wrcTiurp 
cunntHf 
< Pyt,%Af!N4 o c 






l ii« » * < 1 * 




A C 


CURRENT 

FLOW 


Jsi,/ f;uxTir}f:«s 


DC MlfllM 
MOvrMf Nl 
WITH 

ryi.L-wAvi; 

wcct'it'itR 


Fia* 2-84.--4f tht* A-c voltag# shown at Ml In i« • fiiib 

wave r«ctifi«r circuity currMl will iRow in ili«t mm» 05 i"rrfi'^o dmrimg 
«iMch half cyela— ms shown at <B>. A fwll-wmvw r#€tlfl«r wmy »• 
conntctmd to m d-c motor ms shown mt |CI, m 1^1 th« 4*« 

Instrumont may ha wsed to moaswr# mltarfiatin^ corront or voimi^. 

to flow through the rectifier. The eK|iliu4iiiioii of Itie 
of the circuit follows: 


Th® circuit condition existing durlnar thoii« limlv#s nf tli« ««l«« 
when the top terminal of the a»c voltag© sourc# Is and Ih* 

bottom terminal li t« ahown at C4K Stmrtlni: ml tti« »©«i- 

tl¥€ terminal of the line, and tracing tliroiigli the circiill, it will 
seen that the current fic>ws dmm through rectifier €, mp llir«»i**fc th« 
meter movement M, daimi through rectifier A, aiicl out of lli« it#gaiiv* 
termlnal--«as shown by the arrows. Eectifier* B aiici H tlo fiiit pmm 
any current during ^is half cycle. The coiicliiiofii during the »«»t 
half cycle are shown at (0). The polarity of lb# a-c line ha* nmm 
reveraed, the lower terminal now being ♦‘positive/* The current nmw 
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flows down throui^h roctifler D, up throu^gh the meter movement 
down through rectifier B and ont of the negative terminal— as shown 
by the arrows. Reetifters A and C do not pass any current during 
this half cycle. 

Tiie important point to notice is that even though tlie direc- 
tion of the current coining from the a-c line reverses, the rectifier 
arrangciinent makes tiie current flow through tlie meter move- 
ment in the same direction during both halves of each cycle, 
lienee we have here a full-wave rectifier winch acctimplishes the 
task of roverBing the a-c current during alternate half-cycles so 
that it flows through our d-c meter movement in the same direc- 



«A> tB) 


FlO. 2“S5.-“~How a full-wav© rectifier operates. 

(A) : During on© half of each cycle, rectifiers C and A are in 
operation. Rectifiers B and D do not operate. Current flows upward 
through meter movement iljf. 

C/i) : During the other half of each cycle, the a-c line polarity 
haw revor.seci. Rectifiers B and D are now in operation. Rectifiers 
A anil (7 do not operate. Current again flows upward through meter 
movement M* 

tion during each half cycle-— and the d-c meter will indicate the 
average value of the full-wave pulsating current. 

2-32. Rectifier-type Instruments Really Measure *'Aver- 
age'" Values.— Since the output of the rectifier is a pulsating 
direct current, sea (B) of Fig. 2-34, the d-c meter movement will 
really ineasun^ the average value of the pulsating rectified cur- 
rent applied it. Theu’efore, the meter will Indirate the average 
value of the a-e voltage or current, whicli is erpiivnhmt to the 
maximum or value X 0.63d (for a sine-wave a-e). 

The relation between peak, effective and maximum values of 
iine-wave alternating currant® or voltages is shown by Fig. 
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2-36. The "paiik'^ ¥iilu«3 here iii tEkcm ’'.o.',! %%M. Tti« 

effeeiim value m 0.707 of the i^mk viiUie, ainl the mmm§9 
value {that intllctit-ed by all the iiioier fiiovviurnl^l m of 

tlie peak value. 

The ‘‘effective value’* of an albarniitiiig current i# ilefltiml m 
that value of a-c which will produce the mime mmmmt of h^ai in 
a resistor that the «ame value of nt'U-pu! -of inr, cisreci ciirreot 
will produce. For Instance* if the iwak value of ati alicmailag 
current flowing through a resistor is 10 ootper*'-'. the eff^tivt 
value i«, therefore, 10X0JCI7s::7.07 fuup»-n'^., A oeriaia amniial 
of heat will be developtai by the Row of thb curreiii lliroiigti the 
resistor. Now if 7.07 amperes of d-e is sent throiigli ili« •*»« 
resistor, exactly the same amount of heat will !»« I'^rodurcil m 
when the 10 amperes of a-e was sent ihrotigli it. Tli« *'nv*‘rHgr** 
value of this same ourrent is I0x0.635rs6.Si iiinprrefi, Tliiii la 
the value that a copper-oxide reef ifoT^ type ati‘ifiiel«.r would read. 

If a rectiher-type instrument i» eonairiietod by the readier 
by conn<*<‘ting a meter nictifler unit to an firdinary d-r fiiater 
movement, he should remember that any readini taken oti Hit 
original scale of the d«c meter mpremmim the **a%wagt** value, 
or 63.6% of tlie ‘^peak** value, of tlie altenialing eiirrefil or volt- 



Fia. 2-8a.<— Stat**wav« voltaft or mtmmt tliowlna tha Ptiatioa 
toetwten tha and ••averaga^* valuta «f lbs mtmml 

or voltag©. This graph Is drawn appro*l»at#lf to stal#* 

age being measured. Therefore* all reelings taken on lliii oriiiniJ 
scale muit be multiplied by 0.707/0.636* or Lit* to obtoin Hi« 
‘'effective** value of the a-c. The valut la th§ «• w 

are usually interested in. It to th% vain© that tf|p 
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a-c instruments indicate, and is the value that we mean when we 
say that an alternating ctirrent or voltage is so many '^amperes/' 
or * Volts,” respectively. 

In the rectifier-type instruments which are sold commer- 
cially, the scales are already calibrated and marked to indicate 


PXG. 2-87,“— A typical cop- 
per-oxide rectifier-type a-c 
voltmeter having a resistance 
of 1000 ohms-per-volt. Notice 
the almost-uniform scale divi- 
sions* (Weston Model 801*) 



0»urt§*v Wtston XUH, Jtfuttr, 0»rp, 


the true ^^eHective” value of the a-c current or voltage being 
meaHunul, so no correction is necessary. Fig. 2-37 shows a typical 
meter of this type. Notice that the scale divisions on this meter 
are {)rfi(!.tically uniformly spaced (similar to those in the d-c volt- 
meter at the right of Fig. 2-lS) rather than being of the incon- 
venient ^‘square law” type (crowded at the lower end as in the 
movable-iron type meter illustrated in Fig. 2-31). At present, 
these rectifier-type meters are offered as the only practical means 
of constructing high-sensitivity a-c voltmeters (particularly of 
low ranges), and sensitive a-c microammeters and milliamrneters. 
Rectifier type voltmeters having a sensitivity as high as 2,000 
ohms-per-volt are now in common use. 

2-33. Construction of the Copper-oxide Meter Rectifier^-— 
Several forms o! rectifiers have been developed for use in recti- 
fier-type instruments, but the most suitable, simple and Inex- 
pensive one yet found for this purpose la the eopper-oxid© dry- 
contact form of rectifier. This type of rectifier consists of a 
disc of copper oxide held in contact with one of copper. It hi» 
the property of allowing current to flow easily in a dir*^tion 
from the copper oxide to the copper ’ -hxii not in the reverse 
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direction. Thus it acts as a rectifier. In Fik* ’KUi, 2-34 and 
2-35, tiio copper-nxiiif discs are represcnUnl hy tiiu arr«iw, ami the 
copper by the small rrctmiRlf tum hiiiR it 

The full-wave rectifier units • in re.iilier-tyj>e 

mea.surinK instruments are made witii four small <i*p|a'r.axide 
discs and four copper discs arr.Hnp. d to form liir four arms of a 

Vui. m 3M. A lypir^l 

oxiiJif tyi’**'’ iiwipt* rwtifl^r, It 

nwn^urri t*t%ly % s* % Iticli##- Tli# 
urtwal cirrtiii rcttiiw^riion^ of m tm- 
^ ^ HtWr «.»f tJHfi tyiw «rr ?»hoW'ti in 

Wh©at«to»e bridge (»ee Fig. 2-34) and a^^netiiblrd iti iimkti s 
iingle compact unit ini^aHurnur, icuH tliiifi Vi iii inigili. Karli 
act of alternate copper and dusm Inm a re^iiiltiiwe 

of about 500 ohtim. A iypiriil rtiitittiorriiil iifiii of iliw kiml in 
shown In Fig. 2-3S. Notice the fcnir prtijrrliiig for riitinwi- 
ing the unit. Two connect to iho d«c iiietcr mmt two 

connect to the a-ts line (see Figa, 2-34, 2-311 and 2''ltl| . llie art- 

ual circuit ccmnectiotia nuule to the various tdeiiieiiU of llw recti- 
fier when it is connecietl iti ii the luilliniiiiiieter iiir»veiiiefil |4» 
make a low-raue.c a-c rnillimmmefrr iwitliout ss uliowfi 

in Fig. 2-30. The conv'imitonal cirruit d'.o/i.o... f««r in 
the usual syinbols are shown for the viirioiis rectifier uriila, m 
shown in Fig, 2*40. Trace through eaidi iifu% anii i’oni|>urr ilieifi! 

2-34. Characterlatici of Copper iiHitle Typ# M«t«r Ktctl- 
fierSs-'- Until recent th'vehipifu'iti.' ami r.* . in llie denigii 

of copper-oxide meter rectliers were iriade, in hnvrriiiii 

the “capacity'* hetw’een the tliese etiiilil iiiil 

be employed in meters which were to meaiuire 
ourrente or voltages. The dlffieulty was due to the faet lliai, 
even though the “rectifying aetion" did not allow alberufttiiii 
current to paw through the “contact" aiirfare of the rectiier ele- 
ment®, alternating current did get into the inolor itifiviiiiisiil !»• 
cause the comparatively high rapurlfy lieiwisttii ill# idPtiieiitu ww 
sr^oiently large to allow current to aurge back mini ftirlli iii Ih# 
meter circuit due to the “capacity" metiem of this ©iwiill, In 
other words, the rectifying surface* were by the 
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capacity between the elements. Since the amount of this by- 
passing depended upon the frequency of the current being meas- 
ured, the meter was inaccurate for all but small deviations from 
the frequency for which it was calibrated. 

Later devclopnuuds in rectifier elements have restilted in 
lowt^ring the capacity between the elements, so that these recti- 
fiers may also be used in r-f meters. Frequency errors introduced 
by these inherent characteristics of present rectifiers of this type 
cause the instrument indications, or readings, to decrease ap- 
proximately of 1% for each 1000 cycles up to about 35,000 
cycles. 

Tlie percentage of error caused by temperattire changes is 
usually not more than 3% at ordinary room temperatures, al- 
though it may be higher at temperatures below 60® F. and above 
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Pig. 2-S9.— The actual cir- 
cult connections made to the 
various elements of a copper- 
oxide full-wave rectiher when 
It Im connected to a d-e milliam- 
metar movement <with no 
shunt) to make an a-c milH- 
ammeter* 


F I 0. 2-40 — Conventional 
circuit diagram for the recti- 
fier type a-c millSammeter ar- 
rangement shown in Fig. 2-SO- 
Hotiee that the compfote in- 
strument i# connected in «#rie» 
with one aid® of the a-e line* 


100* F. Errors may also be caused by any deviation (from a true 
fine wave) of the wave-form of the current or voltage to be 
measured. Of course, if accurate measiiremente are to be made 
under unusual conditions of frequency, tfunperature or wave- 
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form, the proper eorreetions can be applietl to aiiy reacimpi 
taken. 

2»35. Rectifier Type A-C MiUuitiunetors mnd Voitm«l«r». 
was pointed out In Art, 2-30, that by .-u.p!-:. a 
oxide rectifier in conjunction with a mmmitve nirtrr, surii a 0-1 
milliammeter or a O-SOO^ microamincler, instriifiiefits 

with a resistance of HKM) ■ vnlt or grrafrr mmy Im 

readily canstructcHl for the mcasuwneiit of a-c vciltagr# and 
current. 

If current is to he measured with iIiip an';uo’:*-mrs 4 f , the 
terminals of the rtimplrt** instrument shmihl l«r ci»iiiii?cte«i m 
series w-ith one side of the a-c circtiit as shown in Fig 2-40. in 



Fio. 2 - 4 L-— -How a d*c snllli- 
ammeter movement, a meter 
rectifier iui<I nhuntM may ha 
conneetad together to m^ake a 
mulfchrartg® rectifier type a-c 
milliammettr. 



Fio. 2«4t.-*Uow m d-e 
amitteiiir a «#l«r 

reetiier and mwlltpller rmith 
lora may he 

to mak# a ntn'&rr 

Her type a-c 


th© same way that m ordinary milltattimoter or a»:if¥i«l«r ta «»»* 
neoted (tee Pig. 2-9). A preeautiim mi»t 1^ ob«iry«d at IW* 
point. Neyer permit more current to paae through the i^Ufi^r 
toan ito maximum rating, which in mcMt caaMi It alMiiit li ms. 
Otherwise it will be overheated and become damaged. 

If a meter having more than one wm^ la detiwl, auitiible 
Amn% rMistows and a range-solector iwltoh may l» •• 

shown in Fig. 2-41 , to exWd the current rmn^a. Nolle# that 
the shunto are connected on the a-e Im# mds of the *»opfn*r*o3chlc 
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rectifier, so that most of the current flows through the shunts and 
only a small definite fraction of it flows through the rectifier 
unit and d-c meter movement. 

When voltages are to be measured instead of current, the 
multiplier resistors, E, are connected in series with the a-c input 
nde of the rectifier^ as shown in Fig. 2-42. The values of the 
multiplier resistors are calculated in the same manner as ex- 
plaine<i in Art. 2-18, or the table in Art. 2-23 may be employed. 
The resistance of the rectifier is usually neglected when deter- 
mining the value of multiplier resistance required in any case, 
for in voltmeters of any ap)[)re(uable range it forma but a small 
percentage of tine total resistance of the voltmeter. 


kilil I t A k J C* “T e » 



OOUBLC-THSOW 




- IHS3 + 


PUSH-BUTTON 


SWITCH 


Fio. — A handy multi-range a-c and d-c mllliammeter, am- 

meter and voltmeter made from a 0-1 miUlampere d-c meter, a 
copper-oxide recMfier, and the necessary switches, shunts and multi- 

plter resistors. 


All ihunte and multiplier resistors used in rectifier type a-c 
instruments should be non-inductive, wfire- wound, precision 
units, to prevent the introduction of any additional .inductance 
or capacity into the circuit. 

a-36. How to Make a MuW-raixge A-C— D-C Meter.— By 
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u»iiig a ^uitaljle twiiiiiial imd s^witchiag iirrf«igriiwiil. m Cl* I <i»c 
miiliamiiwter, a iiicjtcr rrrtifirr »ii*l llir |>ri,t|if^r 

ihuut axicl multiplier rewi»tora, nmy be cymtiiticil let fwrtii m very 
useful luulti-nmr.f a-c d-c iiiHlrumriil, fif^ in Fig 2"4:i 

The tripIe-|K»le c|miliii**thrtiw HWtii^h SW-i i?s t > ; ' ; ! tu ilir«n%’ 

the rertifier in tiiul tnit at the rirniit, whni nini^yriiig riiiirr ii-r 
tir ii-c |H$tentiiib ttr rurrentn, 'I’he H%viuij MF-f rrtiibli'» 

tile denirtHi vtiltnge t»r rurrmt rniige to l»r« Mdrrird tjujrk^- 

ly. The rangesi avtiilable %vith the pariieuliir r«»inhinfititsti 
are 1, 6. lO/'lOO,, ICKKI vuUh ii^e m* d-e; I, 111. ttm :: 
and I amperes a-c i>r*d-e. AH ,j^el«itge riiiigew lire on liie 
«f l(K,)0 <ihins-per*vtiit. 

Due to the faet that the vnlueH of the uliiifil to tie 

employed depend upon Inith the extiri internal rri«i»taiiee «d the 
particular miniamineUsr einployeth and alao upon the rraiatiinrr 
of the particular rectifier uaed, thew viiluea %%-rre 
omitted in the edrendt diiigrain of Fig. 2-43. If the remalaiirr i»f 
the meter in known aceurattdy, the rcmiatiiiieea of l\m al'iiiiila run 
ba calculated by the method already »^vp!rdni'! in Art, 2'-13. If 
the reabtanca in not known, the nhtint# ran be by iriiil, 

as ©xplainad in Art. 2-15. If the meter is a Wantoti iln 

rametanca e4in ha found from thiif table in Art. 244. and Ilia uliiiiil 
reeietances may be cmleiilaied iiftor thin value in ktiowfi, 

It should ha remambared (sea Art, 2-321 that wtiaii eitr- 
rants or voltages are measured with tiiis tnsirwftieiii, any raaclittg 
obtained on the d-o meter scale will be only ^1% of the 
tiv©^^ value of the a-c mrrmt or voltage. Tlierttfore* to obtain lli« 
effective valuei we muit multiply ilia sicnie remlingw by l.tL 
2-^37. Commercial Rectlfler-l^jfpNft A-C luHtrunirntTi. A! 
though the simple a-o— d-c instmnieni deiwribtd in Art. 3-3# i« 
efficient and useful, many commercial instrumentu having gmm^f 
fleodbility and accuracy are di^irable. In m«l ea*^, Am 
coirection has been miwie directly u|ion the meter »al«. Al»^ 
all of them also include facilltl^ for imlatan## tmmmmmmni, 
since this useful feature can be added to the inatniment at very 
little additional cost. (Resistance measuriipeiito will be «li»» 
cussed at Iwtgth In Chapter S). Many of In^mimwiito alee 
incorporate provisions for making mpiudly and ififmbince 
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mmauremexitu, Desoription.s of several typical commercial in- 
atrumeiits of this kind follow, 

2-38* Weston Model 301 A-C— D-C Universal Meter Kit. 
-This is a practical kit for general incastircment work. The in- 
strument furnished with the kit is a Model 301 universal meter, 
with self-contained d-c ranges of 50 mv., 1 ma., and an a-c range 
of 5 volts. All voltage readiiigs are on the basis of 1000 ohms- 
per-volt. A copper-oxide type rectifier is incorporated within 



Opi*H0*v W$st0n IfUfir. <3&rp» 

Fw. 2-44.— Schematic circuit diagram of the Weston Model SOI 
AC-DC Universal Meter Kit. The various parts for use in this 
meter are shown in Fig. 2-45* 

,,the meter. When the proper resistances and switches furnished 
witii the kit are connected as shown in Fig. 2-44, the following 
ranges are available; 5, 10, 50, 100, 250, 500, 1,000 volts a-o and 
d-c; I volt d-e; 10, 50, 100, 500 milliumi>crc.s d-c; 0-10,000, 
0-100,000 ohms. The necessary parts for construction of this 
instrument are shown in Fig. 2-45. Notice the various shunt re- 
ftiitors mounted on a Bakelite strip at the bottom, and the multi- 
plier resistors wound on spook at the center. 

For higher a-c current measurements, a miniature step- 
down transformer with ranges of 0.2, 0.5, 1, and 5 amp©r« a-c ia 
obtainable. Its connections may be seen in Fig. 2-44. 

The accuracy on d-e measurements is within 2 % ; but oe 
a-o, bwause of the inherent characteristics of the rectifier unit, 



m MODEEH RADIO SEEVICINii CIHl 

iiitiig a auitabk tuniimai mud uwitrhnm an aiigriiienl, m 0-1 il-« 
miliiammeter, a ctif>|wr-t)xitk muter rrrtif'irr ami tin? |irci|wr 
shuat and multiplier reniuiora, may be ctnnliiiwtl to f«riii a very 
uaeful multi-range ii-C' itiwtrumenl, mn wlmmii m Fig 'J-Ci 

The triple-fxde double-throw awitrh Ml'-# in riiiployni tn ilirrrw 
the reetifler in am! out of the rireuit, whni loriiwunog r if tier ii*r 
or tI“C iHitentiab or eurreiit?*, Hie P-puiui ?«wUrli riiithlr# 

the deHiretl voltage or rurrent range ileMmh f“ t*r nrWrt^nl i|tiirk- 
ly. The ranges available with the i^uvtwn'nr rinnlnuHium ^liowti. 
are 1, 5, 10, 100, 1000 volta ii-e or d-r, 1. 10. HMI millittiii}ierw 
and I ampere a«c or'd-e. All foliage riingeii are on llie liaai# 
of 1000 ohinH-j)e‘r-vu!f . 

Due to the fact that the valuen of the i*liyfit t*i iie 

ernploytal depend upon both the ouirt mleriiiil renifitmiire of ihr 
particular mlilianitneter emp!i»yed. and alm-i thr re.imitaiire 

of the particular rectifier uae«i, ilwm viiluea were piirfHieciy 
omitted in the circuit (iiagram of Fig. 2-43. If thr rmifitanrr of 
the meter is known urtMimtidy, the reiiifilfim'r.*i rd the uliiinln ran 
be calculated by the method already explasried in Art. 2-13. If 
the resistance is not known, the shunt# run Iw rnafle by irial. 
as explained in Art. 2-15. If the meter in ii Weston stmlruttitnl, il# 
resistance can be found from the table in Art. 2-14. iwricl the ulninl 
reslitancea may be calculated after this value i« known. 

It should be remembered (see Art. 2-321 that when eur* 
rents or voltages are measured with this ifisirynieni, any reailiiig 
obtained on the d-c meter scale will be only i0% of the 
tive** value of the a-c current or voltage. Therefore, to obtain the 
effective values we must multiply the smle reading by 14 F 

2-37. Commercial RectlHer-type A-C Instiwriefita.—* Al- 
though the simple a-e— d-c instrymant describKl in Art. is 
efficient and useful, many commercial Inairttmenlii having gruator 
fleodbillty and accuracy are d^lrable. In »«il lyhe a*« 

correcMon has been made directly upon the meter «al«. Alm^ 
«dl of toem also include facilitt^ for rwilalaoee mmmmmmmi, 
since this useful featuie can be added to the inwlmmeoi ai very 
little additional o<^. (R^ilstance meaauremenbi will dii^ 
cussed at length in Chapter 8), Many of inatmmwato ali» 
incorporate provisions for making capacity and inf^lamwi 
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measurements. Descriptions of several typical commercial in- 
struments of this kind follow. 

2-38. Weston Model 301 A-C— D-C Universal Meter Kit. 
- -This is a practical kit for general measurement work. The in- 
strument funxished with the kit is a Model 301 universal meter, 
with self-contairxed d-c ranges of 50 nxv., 1 ma., and an a-c range 
of 5 volts. All voltage readings are on the basis of 1000 ohms- 
per-volt. A ooyxper-oxide type i*ectifier is incorporated within 



OmMri«»v W«#*o** iiwrlr. Oarj». 

Fio. 2-44. — ^Schematic circuit diagram of the Weston Model SOI 
AC-DC Universal Meter Kit The various parts for use in this 
meter are shown in Fig. 2-45. 

^the meter- When the proper resistances and switches furnished 
with the kit are connected as shown in Fig. 2-44, the following 
ranges are available: 5, 10, 50, 100, 250, 500, 1,000 volia a-c and 
d-c; 1 volt d-c; 10, 50, 100, 500 milliamperes d-c; 0-10,000, 
0-100,000 ohms. The necessary parts for construction of this 
instrument are shown in Fig, 2-45. Notice the various shunt re- 
sistors mounted on a Bakelite strip at the bottom, and the multi- 
plier resistors wound on spools at the center. 

For higher a-c current measurements, a miniature step- 
down transformer with ranges of 0,2, 0.5, 1, and 5 amperes a-c m 
obtainable. Its connections may be seen in Fig. 2-44. 

The acotiracy on d-c measuremente Is within 2 % ; but o» 
a-c, because of the inherent characteristics of the rectifier unit, 
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tha accuracy m within 5%, A tmimmi fi^aiinile cif ili® inters, 
ing mstrument seal© m ihciwn in Fig. 2-4i. Not# tliai tli« 
scale divisions do not coincide in laMition witli llie 
divisions of tlie d-c ac&I®. 

2-39, Shallcross A-C Utility Mater Ma. MS.— llis» instrn* 
merit » shown in Fig. 2-47, is rather iifiiwiiai, in llint ii eiii|iloyt a 



iTiiiiiii MMb irn^m 

ymrlwta pmrtm f or l^a univeraat ittstet if 1%. INW 

assembled ami wlrM, the tiaieeriiat al ttit 

top, with, various soahw. The s»tt,lllpllat mMots ar« wmnd m 
tha sp^k ahowtt tl^ ^nta r. The aiaat ffwtelmit on SMi 

Insulating atrip ara at t^a h«^». 

raoMflfe type a«^ conaMlid te' E i^wil 

witb « doubl**pol« S-potiticn wiriteli mmI th* pn^r n^rtiani to 
IHwid* all eneatiai *-e iroitt^ puMunHiMiifc mtiKmi, ami a iriUto 
range of impedance meaeurementa, ^e lattenr by utfat tb* *k- 
tmraal 110-Yolt dO^yele nipply. No d-« meaauveaMmta um pro- 
vided for. Tbe eevwid me^ scales are eallbmtaii to imiieatto 
a-o volte, Indnotonce, eapaelty and lesiidanM. Tbe folloarlag 
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mttfw art availablt on thii inatramtnt: 10, 125, 500, 1,W0 
volto, fit otims-p©r-vo!t; 0.0005 to O.l-I-IO ml oapaolty 

fdivido reading by seal© factor marked on fan© of insten- 

meiit) ; OJ to 100-1 /KK>-10.(KK) H©iiri« indnotsaao© (mnlliplj 


Fio, i-45.— A radnetd ra* 
prodiieiion of lb# InttmnNiat 
scat* of lb# niii¥#rsal malar 
illuttr«i*dl tn Fig. t«45. Not# 
ih« Moaratt a-e and d»o mmkmi 
atM In# ^ohms** soak for ra- 
ilstane# msasnraniaiits, at tli# 
lop. 



roadlng by seida faotor); 25-50,000-500,000-5,000,000 ohms m- 
aiitano© (multiply imding by aoal© factor). l!h% mhmmMi^ 
cirouit of th% toitmmant is abown In Fig. 2-^. 

Triplet Uiil¥«f»al A-C— D-C Mwtm Ho. liaSv— Tbit 
initmmmt is a universal imll-obm-miltianHnata^^ It ©mpioys a 



Fiq. £-47. — A-0 «dil% 
mit#r wMeh provld## for tba 
m#asur#m#nt of a-o voltag#» 
rssktanoft, oapaolty and m- 
Tb# varloa# ranga# 
art MiMttd tba strltob at 
lb# Mater. 



Fm. 2-4$.— Tb# drait ms 
rangomant of tb# me utility 
mater »bowti In Fig. 2-47. A 
l-ma« a-o taster i» ampkjradU 


MMitivt O-iKK) d-o mioroammator aqulpp^ witb a mppms 
orida MuMflaTi pmnitting tha aoourata maasurammt of Mk me 
and dl*a ommelt and potenMala. Its oiroidt dis^pmm hs riiovni 
In 1% Tba oompiala biatmm^t is illustrated In Mg. 2-50. 
A doidiia«tibifow switeb marli^ a-o— 4-o mAblm tito 

w By^' 
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proper manipuliition of the triple-pole, ll-po«itlon eel«»!U»r 
Bwitch, the folUiwing voltage and current raogea may be ob- 
tained: 16, 160, 760 volte a-c or d-c; 1.6, 18, ISO d-o milli- 
aniperea; 15. 160 a-c iniUinmiM n-. It ie also arranged to itieaa- 


ouTWjr 


D.ROX 




fOJXmr 


Fio. *-4B.~Ctrcalt arrangement of a ^leal wolt-ebw^ll- 
amxnatar erbhA aniplcm a 6-800 d-« i aetw .emiigyd eriMi a 

copper-oxide troe reoufier. <TripMt liodel 111^) Tlia eempWa 
Inifoamaat ie eh^ la Fig. i«0. 

ur« resietanoe in the followitig ranfee: t,5tlfl,fNN>, 

SfiOOfiOQ, dbjQM. Reidrtanoe mewRimmHMs are miute tbroui^ 
the uee of a SKldi-volt battery. 

The JiMiter scale is divided into 78 f&vIdiMU. BSaeli dlviidmi, 
vhea xesdiof volte or milliampenw tn tiie 18 eenlo, repreeente 
OJ vdit <Hr adUiampere. Baeh dMrioa vriiwa reading mdta or 
xdHUwnperae en the ISO eoale repreeente 9 vdlte or mil!iam|wr«». 
When seating vedte <»it the 750-volt eoale, each ^vhdon ropMeenta 
10 volte. Am ehown in the eironit diagram of tiie iMlniRtmit, 
Fig. 9-49, it may aleo be uUlIted ae an ontont m«t«r. 
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2-41. Meter Accuracy. — How accurate is the meter you are 
using? The accuracy depends upon the design of the meter, the 
quality of its parts, the care taken in its construction, the ac- 
curacy with which it has been calibrated at the factory and how 
roughly it has been handled since made. No commerdul type 
metera are gwranteed to read 100 per cent correctly — ordy very 
expemive lahoratory^type imtrumenta approach amh per/ec- 
tionf In order to make 


meters that can be 
priced within the reach 
of the average user, 
accuracy has to be sac- 
rificed somewhat, for, 
extreme accuracy nec- 
essitates more precision 
and care in the work- 
manship. 

It is common practice 
for instrument manufac- 
turers to make good- 
quality permanent 
net movablo-coil type 
meters, and movable- 
Iron a-c meters, (of the 








y' 1 
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TripUU Ml§^L JlnMr, O#. 

Fm. 2-50.' — The volt-ohm-milliammeter 
whose circuit diagram is shown in Fig* 
2-49* The entire Instrument is shown 
here in its carrying case. 


tgnfNMi used In radio service work) to give readings accurate to within 
2%. Good mality a-o rectifi^ ^pe meters are usually acemrate to 
within only 599 on a-c ranges, due to the inherent properties of the 
nscrldfim** For d-c measurements, they may be expeetm to read sic- 
cmate to within 299* It must be mentioned here that accuracies 
as Mgh as Ihls should not be expected in very low-prfced meters, to 
milters which have been abused, or to meters which are subjected 
to abnormal temperature or humidity conditions. 


When a manufacturer specifies that a certain meter is accur- 
ate to, say wUhin j9%, what do^ he mean? He always means 
tihat the actual mdicatkm of the meter iteelf (not as you may 
happen to read it if you are careless) for ai^y reading iiritihin its 
various ranges is accurate to within 2% of the f%M-$cale mkm 
of the range which is being med. To make this clear, M m can- 
eider the following typicid cai^: 

Suppose a certain voltmeter has a 100-volt rimge ('with a unl^ 
formly dOlvided scale up to 100 volto), and that Its accuracy Is staM 
to be ^%ltMn 299’^ Thto accuracy ratter mMim, shnply, thal Mat 
any voltage measurement made with this rarge, tMi todfimrimi m the 
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cu.m 
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mmUr pointer will Im In error not mor* tli»n t volla Cl% of 1^), 
For instance. If th« »«l«r rm4n 100 eolHi wli#ii m mtaiaMijNiwoal || 
beinf madt, the Itn# irolHict bt aa nwcli m two rolte alwea l«t 

below*) this, ie. aonit vollagi between m and 10t« Mow if lli* rmdim§ 
bapponed to b«, »ay, ftO ¥oIta fnaload. lb# #ni# ¥oltii,|re wi%bt be aa 
mncn as S volts (still of tb« full seal# valtia of IOO| a^va ©f 
below this, i.«. ^tw««n 48 and W volts. (Ii i» lNi|>t>rtant lo mmm at 
this point that whereas th# jpomilbl# error in lli# of a 
raadfnf was t%| tbs possibli error for th© half seal# raadlnt of §§ 
is 2 v<3ts in 60* It. 2/60, or 4*^^ o/ fA# an mp* 

prociabl# amount in som® work!) 

If this same meter bad* say a 60 volt ranjco* and a roadina of io 
volts was obtained on it* the Irns voltair# ntianl b« as mwcli as I volt 
(2% of 60) abovs (or balow) this value, l.r,. voltage balw^n 4i 

and 61 volts. For a ««ile readln# of aay the I me 

mifirbt ba soms value batwaan 19 and 21 vtdf.»* «*te, This important 
pomt should be rtmambaradi tha matar arrr.rary Purum atated by Ibi 
manufacturar is based on tha vi!u*t of tkm rm^m 

Msed, and n^^ on tha actual vatua m a r»adlii|r'<~'^xcapt whim lia 
raadlnir bappant to ba tha full«acala raadinir. Aliliaii||h a vatlnMbir 
was eonstdorad in our illustratlva txampla, tha same thinca h^i 
hraa for ammatan, mtlllamttiatam, ale* 

Motico from tba foregoing axampla iliat the actual g^Mibla 
peroentaga error Is leas for readinp near the f nil »r tinge FaluMi 
than for tht^e lower down on the i^ale* For thii reanon, grtalMl 
accuracy In reading is secured by ebooaitii IndioaUng 
meats of such ranges that tha larg^ readable di#MlicNiMi of Ibi 
pointer are obtained when usual uitaiiureitiefila are »adte 
with them. 


In those a-e instrumenla and ohmmtimi baaing seahM wbl^ 
are not unifom, the same rule apptim. 7%e elalod amirary 1» 
pm* cmi is based on the fuU^smU lemfs, rrgar«ile»a of wbal 
point cm the scale the pointer aetuaUy is at E^wmmr, sIam ^ 
divisions at one md of sueh seal^ are mty 
k rectiflar^type amtmm), mmb odrimi dbould mmm be Mid 
at the mmdmi part of tlie range if otarM^OMl mm$ mm to 
be avoided and aeourato readings are to Imi dhtolni^. 


An apparent iii;pitary which trimbto iiiafi.|r aendwAWW ™. 
suits innumarws unJusdSc^ oomplatnts to Inatruia^l maaefiiileMra 
<^ii well ba selwid at this point, MaifiM «ial If a Mllaipi Is 

n^urad with I0(byolt ranga' of Iha volMefetr iwi Jui^ «emild«wd. 

tha reading pbtalaad might be anything tMgwmi M and B2 volit. tM 
us iMWuma that Jdm mmw^ of mts^^ga at the mahir is ASliimly 
^ m. reading will fee it selts, Mmn mmmwm dml tbs 

^ ^ wdtr Is usto rnmmmmm tola eellapi» Mi 

3T,,vSi 

‘wiMa ^ «w« humw «t ttw mmm wmllm mm 
Cm tura) mmnm Him Mmia «i»rta«t mwpm. tw» iSmmmm 
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TOltowtt#r mm4^m «rt ©btatewi mrmn though both r&na^ hsv« mn 
iM»iir*«y of !%• Th# dlfSmT%nQ% im cmuiioa of eomr«o.^y thm fmct 
tliat tho^orifor m f&m wMn th« lOO-volt rang® U o»«d i« 4. of 
3100* or I Tolta whoroan tli« orror 1^ ool^ wheo th« 60 volt 

imitg# i* ii»^ t»— i% of 60, or 1 volt (minui) I 

From th« forogoing disouaaiam, it appears that for aoomracy in 
m&y miuminmmitf the range of the meter should be so chosen 
^at ilie pointer will be deflected to as nearly fulbscaie position 
as poMlble* In the case of a voltmeter, this means as near full* 
seal© m |x>ttiibl©; hence, the lowest possible range should be used. 
But wt found In our discussion of th# effect of the voltmeter resists 
aniM In chanfinir the voltage applied to the voltmeter and indicated 
by It {Art. i-Is), that the highest ipKHisIble range should be used| 
sln^ the meter will then have the greatest possible resistance* ana 
will exert the least effect on the circuit to which It Is connected. 
ThM# two 'Conditions, thereforei are Incompatable, so that the choliNS 
of range for a voltmeter must d^pmnd upon the relative errors In 
«Mih ease. Thus, for high accuracy* If a given voltage can be read 
using two different ranges of a meter* flrst use the one giving the 
ia^er pointer dellectlonu Then use dbe one giving the smaller punter 
deffectmn. If the difference between ^e two readings is greater than 
the specllled accurs^ ttsnlt of l^e Instrumeni^ mm the range having 
th highest meter riMfstencit In gwoeral service work, this rule will 
apply, esmipt when the reading of the meter is does to sero. 

To offset this difficulty to i^me metent, and to provide less 
grror due to voltmeter miatance, meter manufacturers are now 
making BOD- and even lOO-mieroampere meter movements avail- 
able m standard i cptlpintuii. Yolteeteim udio^ this type instru- 
wamt bave a very hl|^ roslirtanc#— and a mmitMij of 2,000 or 
ohmS'-per-voltl 

Of eourw, It need hardly be laamitloned here that a meter 
l^|M always b# read as eateluUy and accurately as poMtible. 
ImM d^cHf dmm at the pointer whm reading its pcMidti€m---do 
not look dofro at it at m angle. Notice the scale marking care- 
fully* s«d f«w«mber how much each small scale dlvirion r^re- 
MUbl. 


I. 

i. 


ItEVIEW QUXiTiOHS AMP ilM^iadPIS 

fm wmM prove a §M slwi^ mdals 

m conductor. , 

Ptmw a diaipiwm elwwHIng ^t^ arngm^ idM aro^ a whPt 
through wl^ mutent Is ItowNii. ■ ^ ^ 

StSS ;alMSPSl!:af‘.£SS5 

a . . as., a ... ^ 
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i. 
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8. 
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lU 
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14 . 

li* 
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St. 
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Wlitr# mm aiai:*i*iic pmlm mn thm c«ll in If Miuril 

tli€m on dln^TAn* 

JDmw m timpl# mud explain lti« mpmmtitim mt tfc# 

niombl#-«0ll Il« mum to mmplmim wtoil wm^m 

th« »i 0 irmM#-coil torn nfti^ii eiirr®fii to !*• Is mmt 

torO'ttirli It* 

Stato «»4 «txp!aiii thw® imiwrtotit fw^etloiwi wWcfei III# siirlt^ 
in th® W#tton t|rp# mmtmt pmrtorm* 

Whmt i« th# iraln# of Ih# of m f»«tor »i«##wwiit 

whoi# d#fi#ct* oir«r th# full sciii# wlt#« m mwmm% of 1 

mil! lamp® r# flow® throiiirli th# iiio#toir coilf 

Sloe# tot mtchaolcml eoiwtrnctlori of to# tnoimlil# coil# of # 
WMton mod#l SOI d*o soltmwtor, ainiit#tor iiii4 tnllll#mmiit«r ar# 
all txActly tho hoyo#* wliat, lli#ii« I# to# mmoIMI dilf#r#i^ te- 
tw«#n th«*« in®trum«*nts^ 

Wliat li to# ftUKS'tioo of to# ilmtit In m d*« aiiiiiiatorf 
How TOOit « Yoltmttor nlwayii H# «*oafii«todl la m #lr«ilit Wkff 
How lauit »o amfo®tor Ui rimatotisl la m Wlijrl 

To llluitrato qu#itfoa« 10 aai ll» draw a dtacram of « •»#otl 
itoraa# battery cooTHvtod ao a# to ittpaly rtirrral to Ilia fllaoMstl 
of a vacauixt tolKi in mtim wito a IIMiaai lad^la bow 

to cxiimMt an ammtiar ia tlia elrealt to lataiiara to# rarr#al 
lofs also IndIcat# th# coaaaotloaa of #oll«Mtora to rra*t. fal IImi 
iroltaa# of to# battory; (0) ttia iroHapi aaroto to# lab# Mlamaalt 
<o) to# voltag# drop aoroai th# rh#o#tol. 


A o#rtain 0-1 d-o mllllammatar baa a rwlslaa## of M obmi* 
Oaleolat# to# raslstaneas of to# thaato rsKpiirai to ax toad Ha 
rang# to; < 0 ) 10 mllilampr*r«w; 0) iO «tllliafatif*r#!i; ful 1 am* 
p#r#. what it tla» muHIpiying faotor wblrli #nii«t b# apfillnii to 
to# m#tor seal# rtiidinga in #arh iiatot titow a diagram abow* 
ixig bow you would ooaiiaet tbia# sbuato to tb# imtor m that a^ 
on# of tb#m eould ba uatd at will. 

A Toltmator haaiiiir a sansitiri^ of 1000 |«#r Him 

tor## mn^^ li aolto* ISO irolto a^ 4i0 aoila. Wltsi i* ib# asyitMi 
of to# #im«# mu)tiidyii»a raslataaci# usad lot aaab raiiipT 0fa«ir 
a diagram ^ tb# oonnactlons. How moeb rorrwiil mwil Hw 
torougb tt# mo#abl« ooil In order to prodim foli'Mrato dtUrrlioi^ 
It Is dtoir^ to ilwriato tb# 4»0 aolt rai^ of IImi wmmmkrn to 
aum^on 14 to WO #olta. <o> Bitplato |aat bow wmM. dto 
(5) Calculato th# values of any additional jp«^ wileb wmm b# 
roquirtd. (c) Inoorporato thss# obaajna to tb# |«s 

drew for QuoHtkm 14. <d> Wbat £totof laoto l5 


applied to all roadingi takan Oii tb# 
7 i 0 -volt rang# is being usodf 
It Is dtsirod to mak# a voltmabar bavtoi 
volts from a X milliampor# nw^f- fji) 


£totof laoto 

wIiMi 'ton 


inuWpH.r w»l#tor« rcxiuiriKl. (fc> bhm • dIacfMM sIm 
of th* c«Rn»ctioB»- -m.rkinK All vaIum oa ft. 


of th* conmetioB*- -m*rkinK All ti*«tri^ 
Stet* th* ditt*r*ne** b«it«r**in a 1ow-wIa*ah** 
ano* volteMiter. 


mui A UcliHMitat. 


ter A pr*ctu»l «XAmiiM« htm a vditeMtor havinf A a»nii< 
mrstl^ljr low imIfitARM may eauii* an Appraeteht# MiMt* ta 
th* in^tatra ^ th* oirenit It ia comMcUd Aerou. Show tow Ito 

Sal’* toi t^ih^M**“* '^****"***’ 
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19. What are the essential requirements of satisfactory meter multi* 
plier resistors? How accurate need their resistance value bet 

20. Draw the complete circuit diagram for a combination volt-mllli* 
ammeter made from a 600 microampere d-c meter. The instru- 
ment is to have 4 current ranges and 5 voltage ranges. The 
connection of all resistors should be shown, but their vinues need 
not be calculated. 

21. (e) Explain the construction and operation of the movable-iron 
type a-c ammeter, (b) Why can this type of meter be used to 
measure either a«c or d-c? (o) What are the objections to Its 
use? 

22. What is a rectifier. 

28. Draw the circuit diagram, and explain the operation of a full- 
wave rectifier composed of four half-wave units connected in a 
Wheatstone bridge arrangement. 

24. Define: (a) **half-wave rectification”; (6) full-wave rectifica- 
tion. 

25. Explain the general construction and operation of the rectifier 
type a-c instruments? What are their advantages over the mov- 
able-iron type? 

26» Explain, by means of a sketch, what Is meant by (a) peak value: 
(6) average value; (o) effective value, of an altematlng current 
or voltage. 

27. A sine-wave alternating voltage has a peak value of 809 volts. 


value ? 

28. The average value of a sine-wave alternati:^ current is 10 amps. 
(a) What is its effective value? (6) Which of these values 
would a commercial rectifier-type a-c ammeter indicate? 

29. Draw a diagram showing the method used to connect a meter 
rectifier to a 0-1 ma. d-c meter of 80 ohms resistance. Also show 
the multiplier resistances necessary to convert the meter into 
an a-c — d-c voltmeter with ranges of 10, 50, 500, lOOO volts. 

SO. Show how shunt resistors should be connected to a d-c met«r 
movement operated with a rectifier, in order to measure S rang^ 
of alternating ouarrent. 

81. A meter scale is divided into 100 divisions, reads up to 1000 volbi, 
and the meter accuracy is 2%. (a) What Is the error (in volts) 
at one-half full-scale reading? (b) At one-quarter full-scale 
reading? (o) What Is the per cent error with respect to the 
voltage being measured, in each of these eases? (d) Repeat for 
a 50-4ivlsion 1000-volt scale. 

82. How does the method employed to increase the range of an am- 
meter or milliammeter differ from that used to Increase the 
range of a voltmeter? 

88. Which is more sensitive, a meter having a r«iistance 1000 
ohms-per-volt, or one having a resistance of 20'00 ohms-pim-voltt 

84. Which meter has the greater sensitivity, one having a range 
of 10 volts and a resistance of 20,000 onms. or one having a 
range of 800 volts and a resistance of 800,000 ohms? Explain! 

85* (a) Why are the scale dIvMons on movable-iron l^rpe iH» tn- 

strumenfii not uniformly spa^^? (b) What is tbwi mMn 
tion to such sealiwt 


CHAPTER III 


METHODS AND INSTRUMENTS FOR MEASURING 
RESISTANCE 

3>L Importance of RtaiaUnca MMsurtmanta. — Tbt 
loeMuiing, or “oheoking”, of the d>« electrical nHhetanee of the 
varioue compoaenta of radio reoeivera forma one of the moat 
important operationa in Gie daily work of every radio aervict 
man. Since reeiatance moaaurcmcnt ia ao vital, it ia eaaanGa) 
for aervioe men to have a thorough knowledge of the varioiw 
methoda and instrumenta employed fm- thia arork and to bo prqp» 
erly equipped to make reeiatance teata at any Ume. either In the 
ahop mr in the field. Without thia knowlachNf the rapid diagnoab 
and repair of radio receiver troublea, which ia alwaya the aarriea 
man's ulUmate goal, cannot he achieved. A few of the common 
instant in which reristance tmta give the aervlce mao idtid la* 
formation concerning Gie condition of a partleular romponeni. or 
the oaoee of trouble In a roetdver, follow: 

1. For checking the condiGon of varioiia rarintote-HRieh 
aa ''tfiaa" reriatora, volinne omitrola, eturwii w voltage* 
limiting re^M»rt, volti^ dividani, eta. The reeiatance 
teat indicatea whethw the mdetor is allll of {truper value, 
or whether It is “open”, “pounded”, “rtiwtad”, etc. 

S. For ohackhig the cemditiem of many ottMf lOMiwHr aom* 
poiumta such ae tuning eoila, emadanseve, b«aafiNwar 
whadlnp, choke oothi, loudapeaker wtndings, ate., tha 
simpla aiqMlant of ohaeUnf their ra^danaa to find if 
E ii at nonnid value. Theea tmta are tmtaily inada fmr 
the ptrrpoee of aseertsdniag whsdber “dioti-eiiauite”, 
“pounds”, ate., axist In than fwmponwita. 

8. For imfiaating utd locating pcnslhla “sl^wtHiteeulta” and 
“grenmds” between various aireuits. 

A Whsn mialytiiig tha reetivar l«r tim “inABt*to«««ahii.“ 
mmthod of teotivar teatii^p 
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In this chapter, we will study the various common ways of 
measuring resistance, and typical apparatus employed for this 
work. A detailed study of the actual testing of individual radio 
parts will be presented in Chap. XXII. 

3-2. Range of Resistance Measurements Required. — 
One important point, which should always be kepi in mind, is 
that the range of resistance measurement required in general 
radio service work is far greater than in most other branches of 
electrical work. This is true because the various parts to be 
checked have resistances ranging anywhere from a fraction of an 
ohm to several million ohms (megohms) ^ depending upon their 
position and use in the radio circuit (see Chapter XXII). Nat^ 
urally, the methods of measurement, and the instruments em- 
ployed, must be able to cover this range satisfactorily, 

3-3. Our Study of Resistance Measurement. — While the 
use of the '^ohmmeter^', in some form or other, for making resist- 
ance measurements has become almost universal among radio 
men, there are many instances in which a knowledge of resistance 
meastirement by some of the other standard methods is very 
essential and helpful. For instance, a service man^s ohmmeter 
may become damaged; it may not cover the range for a oertaiii 
measurement to be made, etc. In oases of this Mnd, he should 
be able to make the measurement quickly by some other means. 
Therefore, we will beg^n our study of resistance measuremmt by 
reviewing several of the common methods for measuiing redsfc- 
anoes—metiiods which involve the use of simple mstruments 
that most service mm possess. The limitations of these metihoili 
of measurement, and the precautions which must be tskm whm 
employing them in ordinary radio service work, will be pointed 
out. Th«a we will study the ohmmetcar For special, accuxmte 
resistance measurements, the ^^Wheatstone bridge^* will be cctt- 
sidwed. The very useful combination instrumentii kcown shi 
^♦ volt-ohmmetws'^ volt-ohm-milliammeteffli, will be stu<l^ 
at nmm Imgth latir (in Chapter V). 

3*4, Ammeter-voltmeter Metiiod dt Measuring 
--4[)ne simple meth^ of measuring the electriciil r eslsfcen ee of 
e<M|Knients used in radio equipment — a method which is skocurate 
if teMi carefully, and which was very vddely used bef cis JIni 
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perfflotioD and popuIariMtion of our prwmt ohtnnM»t«r»— 1| 
known aa tJio “ammeter-vollmetor metJimr. boeamw it malM 
use of two oommoQ meewtiriiig inatnimentii. a d>« amnietor (or 
milliammetor), and a d-o voltmeter. Ae etiowii in FIr. 3-1, tho 
device S, whose is to be measured, is conneeted to 


Fio. t'l.~i*r«ferabls eln^ 
arraHRmneat for m e as urtoRt 
raststanMM by Uw aai- 
motor-volumeter hioUhmL (Eso 
also. Fie- >-E) 


series with a source of steady e.ni.f. (such aa a or E-voll 
battery) and an ammeter (or milliamraetm'). Naturally, tbs 
voltage of the battery will cause a oorrent to flow through the 
resistance and the ammeter. The value of the reeiidancc nuty he 
calculated by applyinR Ohm’e law, 



where, EssEstittemes in ohme 
BsstVoUag* in volts 

ItstCwrma in lunperee (or, mMampmrm dlidded 
by iOOO). 

Evidently, in order to oaloulate Uie vsdue of the rrsi*i«m-r Jl 
by ibis formula, both tihe voffops applied to the reatotance, and 
the current which it causes to flow, muiR be Itnown. That to why 
the voltmeter to cemneoted ocrost (in partUM wUh} the rmdto- 
anoe, as shown, to measure the volta^; and the ammetmr (or 
miUiaimneter} to ommeoted in eerUm wUh the elraiit, aw shown, 
to measure the current. The readinEi of the inelmmenta, when 
substituted in the formula above, i^ve the value of ferttosmee Jt. 
A typical problem, iUiatradng how ttw eahmlatioiM are eanded 
out for resistmioe measurement by tbte method, will be eonsideted 
M the next'^arttole. '' 

3-5. Sdeettog Memr Ranges for Mmunsrlng **»• 
Amm.>vm. — Of course, the problems of ssleethogi InstraBnmds 
havins the inropw rang^, and determining how mmh v^tage 
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must be used for the measurement, etc,, must always be consid- 
ered when measuring resistance by this method. When measur- 
ing low resistances, one or two dry cells connected in series, a 
^%-wlt *'0** battery, or a 6-volt storage battery, are commonly 
used as the source of voltage. When high resistances are to be 
measured (unless accurate low-range milliammeters are avail- 
able for the current measurement), a 46- or 90-volt dry-cell '3'^ 
battery, or a 110- volt d-c electric light circuit may be used as a 
voltage source. The range of the voltmeter to be employed de- 
pends entirely upon the voltage source. If it is a 6-volt battery, 
a 0-10 volt d-c voltmeter will do. If it is a 110-volt line, a 0-160 
volt meter is necessary, etc. The range of the current-measuring 
instrument depends, of course, on the voltage source employed, 
and the value of the resistance being measured. 

One way to settle on this is by first guessing as closely as pos- 
sible what the approximate value of the resistance to be measured 
is. Dividing this value into the voltage of the voltage-source gives 
the approximate current which will fiow — and a clue to the meter 
range required. For instance, suppose it is desired to check the 
resistance of a volume-control resistor. The service man knows by 
experience that volume controls of this tjme are usually of say 1,000 
or 1,600 ohms resistance. Also, since the resistance wire is very 
thin, he cannot send very much current through it during the 
measurement. Therefore, he decides to use a common 4% -volt 
battery as the volta^ source. Using Ohm^s law, he finds 

that approximately 4.5/l,000s=:0.O046 amperes (4,6 milliamperes) of 
current will fiow during the test. Therefore, he decides to use a 
mlUiammeter having a range of 0-6 milliamperes. 

When selecting the meters by this “approximate method**, one 
should always be careful to use a meter of higher range than is 
thought necessary, when in doubt. If it is found that the range 
first selected is too high, a lower range can always be substituted 
for it. This will prevent possible damage to the meter. 

When attempting to measure a resistance by the ammeter- 
voltmeter method, one must always guard against the danger 
of burning out the ammeter or milliammeter (unless it is pro- 
tected by a suitable fuse) if the resistance to be measured hap- 
pens to be mwh lower than expected perhaps even “short-cir- 
ouited^O* To avoid this danger, the following safer method of 
selecting the current-meter range may be employed. 

Select a knoum resistance having a value such, that vdien it hi 
connected alone In series with the ammeter (or i|itlllainmeter) aiul 
source of voltage to be used, will allow just enough curr«it to fiow 
through the circuit to produce nearly full »«»le defection of the 
amm^r (or milliammeter). The required resistance of this re- 
sistor may easily be calculated by dividing the applied voltsge 
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the fuU-«!«ta currant iraJua (In tjOTj'r«e») Um ««rr»At>iiMliMr nHM 
being uBcd. Now «mn^ the rMMMMw to U Into 

circuit in Mrito wltti thto known w»tetor. wlU toiMo tk* ^ 

rant-mntor rending to drcrmut.. If tkln randlng to now more Omui 
half the value it wan when the knamm reatotance wae » ‘i-.u. .*{fK| la 
the cirenit alone, it shown the reaintance to be meaanied i» than 
the value of the known resistor and hence It Is c^ safe to SMdM the 
final measurement with a eurrmt metor of that range, for the 

g olnter will go off scale. A higher current nieasurtng range rhmI 
e used. A setup of this kind may b* w^ 

a switch connected ooross the feneww restatance ao as to "shorir 
this resistance out of the circuit quMdy as ooon an rrerythlng is 
ready for the final unknown rssbitanee tneaanrMnant to be made. 
3-6, Precautione Ncccswnry lor Accuracy Wlian Mcatur. 


tog “R” by the Anun.-vm. Method.— When nieasuriiiK a vwy 
high resistance by the ammeter-voUmeter method, the eurrmit 
flowing through the resistance will -.hioUv he small, and the 
voltmeter rfiould always be connected octoss bmth tka rMistor 


and tho mUliammater, (as ^oem in Fig. 3-3| as we shall now tee. 


If the Toltawter la ccnaaetod ac««as Mm lesiiNHMr eadjr, am ahem 
to Fig. 8-1, tha mtllammeter, whieb is «B^ptogredl to measure the smen 
currant, indlcatoe toe sum of hath tkt ewrent flowing throupK ih* 
rotiMtor and that /fewtog through th* swd l w tetor. Nlnce the resistanw 
R Is Isrgs, ths current Rowing through It la small, t^'ndsr Ihess 
oonditoona the current flowing through the eoltaneter may he atmmi 
aa great as that through k (unless a very Mgh'resistatire vottmetor 
ts ussd, saa Art. 8-19). Sines the ittiitiaHUnster reading xhtainsd 
is really that of theue two eurrwite added together, tMe nmy «mmh 
an appreciable error. 

Therefore, wh«i measuring high tmMiimm, llw ewMieetioa aiiotni 
to Fig. 3-2 should elweya be tnnplcored. li to true Uml tn thto 
case ^ voKsneter meaeuree Mm mm of Mw VMttngi<-dr«»)>e amroas 



both the redstor and the mllliammeter, but, einee the nariidAnee 
of the average ndUUammetw to tmly from 30 to 80 dtom (mm Art. 
3-14) , adctoig this to the hig^ imdatanee to bo meeguied 4tm not 
attewt the result af^reolably. Ttiimefim, whmn fho emaoectifm 
shown to Fig. 8-2 to used, the usual formula BssiS/l tmy bo m»- 
Ideyed for caloulatong tim value of Mto nwtotanee being nteamtred. 
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When a low resistance is to be measured, the circuit arrange- 
ment of Fig. 3-1 should be employed. In this case, the current 
through the resistance will be comparatively large (amperes), 
and the fact that the ammeter indicates not only the current 
through the resistance but also the few milliamperes {thousandths 
of an ampere) of current flowing through the voltmeter, results 
in such a small error that it need not be considered. In this case, 
a high-range milliammeter, or an ammeter, of proper range 

Pia. 8-8. — Circuit arrange- 
meat for measuring high re- 
ft is tances with a voltmeter 
whose total resistance is 
known. 


should be used to measure the current, since it probably will be 
too large for a low-range milliammeter. 

3-7* Voltmeter Method of Measuring Resistance. — If the 
exact resistance of a voltmeter is known, the meter can be used 
to measure high resistances fairly accurately. To do this, the 
voltmeter V, resistance E (whose value is to be measured), 
switch S, and a battery or other source of e.m.f* (a 90-volt 
battery, or a 110- volt d-o lighting circuit will do if the voltmeter 
range is at least 110 volts) are connected as shown in Fig. 3-3. 

First, switch S is closed (thereby short-circuiting resistance E 
out of the circuit) , and the voltage of the source of e.m.f. is read 
on the voltmeter. This is reading F,. Now switch S is opmed, 
thereby placing imknown resistance E in series with the volt- 
meter, The voltmeter is read again. This reading is K Since 
the instrument scale does not give us the value of the current 
or the resistance, the value of the xmknown resistance E must be 
calculated by the formula: 

(■^— / ) X®** 

whwre RassUnknown r^istance in ohms 

j®,s3sVolti^ of the source of e.m.f. (switch clewed) 
afsssVoltag© raiding with resistance M in series 
opm) 

B»iS»R^dstaaoe of the voltmeter (ohms). 


SOURCE or 
E.M.r. 


pAVV\WA|-| 



FrdM^itts W« nr# nslii# r«is## mi m #-li- IW, 

Tolt liavlK^ » r«iliita,»e« «»f ItO# in 

th% m«t«r i« coiia^l«d MrmUf mrmm Hi# iwitf## mi it 

110 Whttt c«>a¥i»‘t*t«n| In ii#rl#* Hi# mmkmrnmm 

it rtadls IM volto. WUju, jh tli# #Alti# #f lli# iialin*tw#i 



Solatlaa; Th« rt*liit#ac« t»f t.N# v#itfii«pt#r wli#« tli# 
ran,g:e i» beteg mm4 k IW X ^'**^*' #bfti# imm Art, t-Mh 

Thtrttfor#, tht anknowa tmhlmmm 

/e_^( - -/)«» = { "® M X 

Iflll 

sss <1. !*«-!) Xi‘**V*“^* #||,|»||, 4^, 

The only inforraation reqtiimcl for h;^: ri«4»imii0« by 

this method ia the reabtmnee of ilie voliineler. Iltm 
may be marked on the meter iti^lf. If Ibe 'fu^r vri!f. 
is marked on the meter faee# Hie meter rmmiMmm may tw fmiai 
by multiplying the ohm«-per-¥i>lt Yalue by lit# mmim e| 

the pwrtictdar range which w d«ifsf illtielimb^ li 

the previous example. The two meter and M ne^ 

be taken always tming ike mme mcimr m that Ibe mmm 

voltmeter rMistanoe will be in the elrenll In Itolb e«Mi* 

The ‘Voltmeter method’* ia not very well to ibe 

measurement of very low rmmlmcm, for tlioa tiba 4:sT«r^j't'nrft 
between the two re^adings ia too tmall to be Jnd^l a««tirat#lf , 
and an appreeiable error r^ulta In ttto Am m ftiAl* 

tw of fact, since ealoulatlon la requiml to detomaiwi# the valti# of 

JUV-. At* ^ ^ A._„. i 1 ..A * 




ly used for moasuring resistanoe-Hsxoept whim ao more miitable 
apparatus is available. H<iw»*vw, If a voltmeter ie 
as in Pig. 8-3 (without the Bwitoh)» It eervee an one tMoful meiUM 
of checking ttie “continuity” of racUo oireuite mid parle, Thle 
win be studied in detail in Chaptm XXIl. 

3-8. The Wheatstone Bridge Method of fteeletaMAce Memi> 
urement.—. Although resistsmce velum may tw eheekeii fairly 
accurately by way of the more simple methods dwierlbed in this 
chapter— the simplest method of all being by means of a direet- 
reading ohmmeter of proper range (Art 3-11) ihvtv am fliMiy 
Inrtanoes where more aocorete and certain tnuaaurettteul hi lo- 
quired. This may be ai^mplidied by ualBg m Wheatidone 
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bridge — ^preferably one of the modem forms designed for rapid 
work. 

The ordinary form of Wheatstone bridge consists of suitable 
resistors connected in a special circuit arrangement in which 
three resistors of known value form the three sides of a diamond 
or lozenge circuit, and the resistance to be measured forms the 
fourth side, as shown in Fig. 3-4. Resistor X is the on© whose 
value is unknown and is to be measured ; jK is a variable resistor 
of known value; S and T are also variable resistors of known 
value, or at least their ratio is known. A sensitive current-indi- 


Fio. 8-4. — Simple Wheat- 
stone bridge circuit. X is the 
resistor whose value is to be 
measured. S and T are the 
** ratio-arm” resistors. 



eating meter 0 is connected across points R-D. A low-voltage 
battery connected, as shown, to points A and C causes current to 
flow through the two branches of resistors, in the directions 
shown by the arrows, when the battery switch is closed. 

The value of the resistance X to be measured is found in the 
following way: 

First, resistance X is connected In place and the battery switch 
li closed* Current flows from the positive terminal of the battery 
to point A* There it divides, part of it flowing through resistors 
X and B, the rest flowing through resistors S and T. At C, Ihwi 
two currents combine and flow back to the battery. Now the galvano- 
me^r switch is tapped lightly so as to make momentary contact# 
It will bo found that the galvanometer needle indicates a flow of 
current through the meter# This current flow is cauiw^ by the 
difference of elecM'Csd |K>tendal which ^Ists between points B and B 
because of the parMcufior values of resistance which are pvmmxt In 
the four arms of the circuit. 

It is now necessary to adjust resistors 8 and T carefully, notl^ng 
the meter deflections meanwhile, until the meter reads wheu 
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lt« switch l» htld closed'— Indicating that no ciirr«nl in flowing 
through it, and that th« ontirt circuit conditloni ar# such that th<i 
potentials of points B and D are ««|uaL This operation !• called 
^‘balancing bridg«^^ Whan this fcNslancad af^trical eoialltloo 
axia-i^ in the circuit, it can ba shown imathaitiatlealif that tlia 

Z roduct** of resistances X and T equals tht product of mBMmmm 
and S, that Is 

^oduotM of tho TOwiMtmmoo of tho oppoMto mnm #/ m Wkmi* 
0tono oridffo mro **€qual*\ whom tho bridgo It » 

Thus, X timas its <^posita' arm T, Is equal to M times lla op- 
posite arm 8, ia., XTzszMS* From this relation wa Obtains 

This formnlft enables us to caloulate the value of the unkaown 
resistance X from the values which the thr^ other rttslilowi have 
whw the bridge has been ‘^balanced^’. 

Problatn: Whan tha bridge has bean **balaiM 4 Nl** m that Uns 
meter raac^J'saro”, tha valnas me rwilstors RL 8 and T In 1^* i*4 are 
5| 46 and 16 ohms, raspactivaly. What Is the value of unkimiini re- 
sistor X 7 

Solntton; -IB ohm*. An». 

No^oe, that in the formula for the Wheatattma bridca. tha 
ratio 8/T of the two seriea reaietort 8 and T appaara. Conaa> 
quently, it ie not necessary for us to know tiiia axaet miataiiM, 
in ohms, of tiiese two resiators. If wa know tha raiio of thd^ 
resistances, we can substitute this number in tha formula, direet* 
ly, for the expremion 8/T. To illustrate: 

ProUem: la the prarlous , tiw af it is • 

o^s the ratio of resistors sad r is 8. What la tiia e«lm at 
the unknown reslsteiieeT » ww wmvm m 

Solnttons Xas6»X-|.as«X8=l» ehwa. Ana. 

For this reason resistors S and T in Fig. 3-4 are cnmiiiMniy 
referred to as the “ratio resistors" or "ratio arms", and many 
oommeiToial Wheatstone bridges are oonetructed in aueh a way 
that their “ratio" (called tibe "bii(%e ratio") , and not ttie indi- 
vidual ralues of the resistors, is read from the bridge. This not 
only simplifies the oonstruetion of the bridge, but also 
and speeds its manipulation and the oomnutatimt of ^e value of 
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resistance being measured, since this resistance is obtained sim- 
ply by multiplying the value of resistor R by the ^‘bridge ratio/^ 
A commercial bridge of this form will be described in Art. 3-10. 

The accuracy with which a resistance can be measured by 
means of a Wheatstone bridge depends upon the accuracy of the 
ratio arms S and T, the accuracy of the standard resistance B, 
the sensitivity of the galvanometer O, the relative resistance of 
all four arms of the bridge, and how accurately the bridge ia 
**balanced^^ High-grade commercial Wheatstone bridges are 
made with such precision that it is possible to make resistance- 
measurements accurate to one-tenth of one per cent with them. 
A bridge of medium accuracy is described in Art. 3-10. 

3-9. The Slide-wire Wheatstone Bridge. — Possibly the 
simplest practical form of Wheatstone bridge is the slide-wire 
type shown in Fig. 3-6. The letters on this diagram correspond 


Flo. -Sliii- 
ple slide -wire 
form of Wheat- 
stone bridge* 
Here, a pleee of 


(called the elide 
forms the 
raiio*^arm resist- 
ors 8 and T. 



witti thoss in Fig. 3-4. Point jD is a sliding contact which can be- 
mov^rfi aioiag'a resistance wire (called the *%lide wire'Oi. 

irtretched over a scale. B is a resistance of known value, and X 
is tihe reirtstance to be measure. O is a smsitive .current-indi- 
eliMng Slider D is moved along the slide wire un- 

til a point is foimd, for wbieb no perceptible defection of i^e pd- 
vanometer is obtained when ^e iswitoh is closed. The ratio 8/T 
is than the ratio of the Ufmih of the two parts of tibe resWwioa 
'«dre. This ratio may be wd instead of the ratio of the re#^- 
anc4 of the two partis the wire AC is uniformt and 
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the resistance of parts of it are pn.porti.mal to the Ungtha of the 
parts. The rule or scale mounted under the slide wire makes it 
easy to read lengths 8 and T when the bridge is balanced. 

The same formula derived in Art. 3-8 is used for oalculaUnK 
restatance X, only, instead of substituting in this formula the 
resistMce in “ohms” for S and T, the lengtha of the slide wire are 
used instead. The slide wire bridge is very simple ami inex- 
pensive, and while it is not readily portable nor extremely accur- 
ate, it is capable of quite dependable im*itsiin iin nfN if care is 
observed in its construction and use. It is an excellent suMitute 
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3-10. A Typical Commercial Wheatstone Bridga. — The 
a typical, fairly compact, commer *«1 forJlf 

Wheat^ne bridge, designed to permit rapid and aeourata - 

uremwts of a wide range of resistance is shown in Fig 3-8 Tim 

complete mstrument is shown in Fig. 8-7, *«• 3 «• The 

tyy> of Whaatstem 

ohms (11.1 m^ohnw). *» 

gMosists Of three nwimt. Umh%,,r M 
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beingr made, and cuts the resistor out of the circuit when, hiah sensi- 
tivity is desired during the final adjustments. This switch also closes 
the battery circuit automatically when it is either the ^%igh*' or the 
**low” sensitivity positions. The external battery to be connected to 
the binding posts marked BATT., in Fig. 8-6, is usually a 4%-volt 
^*C battery. To obtain the instrument's full h%h range to 11.1 
megohms, a 46-volt battery must be employed. For low-resistance 
measurements, as little as 1.5 volts may be used. External binding 
posts are provided to permit the galvanometer G, and the decade re- 
sistors R, to be used independently and externally for other work. 


Pig. 8-7.— The Wheat- 
stone bridge whose cir- 
cuit diagram is shown in 
Fig. 8-6. Notice the gid- 
vanometer at the center, 
and the ratio dial at the 
upper left. (Shallcross 
No. 680.) 



Otyurt»9y Shatlcrost 0»<, 


Resistor F prevents rapid rundown of the battery should the battery- 
switch be l^t in the “on*' position for any length of time. 

While a radio eervioeman can hardly expect to carry an in- 
strument of this kind with him on service calls, because of its 
bulk and tlie fact that he has other necessary instruments to take 
along also, a Wheatstone bridge of this type forms a valuable 
adjunct to the shop testing equipment of any service man, to be 
employed whenever accurate resistance measurements are neces- 
sary. 

3-11. The Ohmmeter for Measuring Resistance. — The 
^^ohmmeter*', as the name implies, is an instrument which indicates 
the resistance of a device or circuit directly in ohms, without need 
for calculations of any sort — ^just as a voltmeter indicates “volts” 
directly, etc. The number of ohms may be marked directly 
on the scale, or may be found by x-oferring the reading of the 
ohmmeter to an accompanying chart, from which the r«istanoe 
value in ohms may be read. The chart may be in the form of 
a curve on graph paper, or in the form of a tabulation— it makes 
little difference. 

A well-designed and properly used ohmmeter is one of tJhe 
greatest conveniences to effective and rapid radio swvicimg. 
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It is no exaggeration to say that the eombinaiion iad 

ohmmeter are the two most used pieces of t«t of At 

radio service man “instruments which he should unflerolmad, and 
learn to use daily. 

If we attempt to design the ohmmeter no tiial a wide 
range of resistance can be read , errors will be intro- 
duced when readings at eiAer the extreme low or At exAwo* 
high end of the scale are Aken. The error on A# low 
end of Ae scale is due A Aa meAr inaccuracy, m cliscu^^ in 
Art. 2-41; and the error on Ae high end of Ae ecale is due A 
the crowding of Ae graduations. For Aese reaeonsi ohmaeteie 
are usually made wiA several rang^: Aoee IntendMl for 
and those inAnded for medium and high resistanci^ meaaurerotnA. 

3-12. Three General Types of Ohmmeters. — A simple Am- 
meter consisA, essentially, of a mOIiammeAr (or mIerostnmeArl 
and a battery, so connected Aat when A© reilstanee A be 
measured is added A Ae circuit, Ae reading of Ae mtAr indi* 
cates Ae value of Aia resisAnce. There are three main types 
of ohmmeArs, differing mainly in Ae way Ae rmilstante A be 
measured is oonnecAd to Ae meter circuit. Ubey are: 

(1) The senes type^ 

($) The *^shunt** type, 

(S) The combination series and $humi type. 

In Ae “series^^ type, Ae resistance A be inetMUtrcd is eonit^Ad 
in series with the meter and batAry. In Ae **Aunl"* type, It is 
conneoAd in ehunt, or ^^paraHeF', wiA Asm. In Ae ••oombtoa- 
tion type'^ the instrument circuit Is so arranged Aal II Is 9m* 
neoted as a ^^eri^es^* type for Ae hl^-rmislance tai^^ imd m 
a ^ ‘shunt” type for Ae low-resistance rani^H-Aui 
type of circuit for Ae range of iwistanee meiyiiirtiiititt it A bM 
suiAd for. We will now study each of %hm% iypm separaAly. 

3-13. PrAciple ol the "‘Series"' Type Ohfrmaet«r#~If m 4*c 
milliammeAr is connected in series with a balAry vmiiiii 
resistor R of suiAble value, as shown at (A) of Fig* fit 
resistor may be a.<iJusAd A produce full-scale of Ae 

meter M, as Aown. Now, if Ais cireidt i» wdA 

minals T»T, as shown at (F), so Aat anotte^ tsAicW' Mm A* b# 
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connected in serieB with the circuit, the addition of this resist- 
ance will cause the current flowing through the circuit to decrease 
—resulting in a lower reading on the meter. The larger the value 
of the smaller will be the current and the meter reading, 
that is, there is a definite relation between the value of resistance 
Em and the meter reading. Therefore: 

instead of calibrating the meter scale to read the mUli’- 
amperes of current flowing through the circuit, we can 
calibrate it to read ** directly** in *‘ohms** whatever value 
of resistance Em is connected into the circuit. 

We can then use the entire instrument to indicate directly the 
value in ^^ohms” of any resistance B, (within the range of the 
instrument) connected to it — ^that is, the instrument is an ohm-^ 






Flo* 8*8*— (A) s Fundamental circuit arrangement for a *^«erie®** 
tyn# ohmmeter. 

(B>s Simula sarias type ohmmeter with raslatanoe Rm (rasistanca 
to he measured) eonnactad in the circuit. The aero-ohms adjustliig 
resistor B Is also In series with the circuit. 


m$tw. This is the principle of operation of the series type ohm- 
mettr. Note ‘ttiat in this type, the higher the resistance being 
measured is, the lower is the meter reading. Therefore, in smdes 
ohmmeters, the left md of the scale always represents ^Infinite" 
resistance (open circuit), and the right end represents the lowwt 
resistance of the range — ^i.e., iiie AigA-resistmioe markings are 
at the left and the loto-^esktanoe markings are at tihe right (Just 
the reverse of usual meter scale markings) * The construolion of 
series type ohmmeters, mad the calculations pertaining to Ihda 
design will be considered m detail In C3iap* TV* 
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3-14- The ‘^Zero-ohms’* Adjusting Resistor. ~ In prarticu! 
ohmmeters, the ‘‘current-liinitinj!;'*, or “iero-€ihini*\ adjoiiing r«- 
sistor E is made variable, so that when the battery age* and 
closed-circuit voltage drops, resistor E can be decrtaatwJ in vain# 
in order to bring the meter reading up to fiill-acaie value when 
the test terminals T^T are short-circuited r*»ero** rvf^hdnuvi^) . 
This adjustment is usually made every time the iiiitrtiftiefit it to 
be used for resistance measurements. In many Ihb re«i»- 

tor is composed of a fixed and a variable reiistor in at in 

Fig. 4-1, In this way, fine adjustment is obtained with the varia- 
able resistor, since now a given movement of il« shaft change 
the resistance of the entire circuit by only a imall p€.r©#nlii#i. 

Another arrangement for the **iiero-ohm»**, adj listing rtniatcir 
jB is shown in Fig. 3-9. Her© it is conneete«i in aerloi with a 
fixed resistor N of low resistance, and the two of tliem together 
are connected in parallel with the meter. A current-limiting re- 
sistor P is connected in series with the meter and battery. In 
this case, when the battery ages, the value of reslator R muat b# 
increased so that it shunts lets of the current away from Itie 
meter — ^thereby making it po^ible to bring the meter reading up 
to full-scale value (sero resistance) when the terininali T*T mm 



yio. -«» A 
•inipl# mr^ 
ohaiiaeler with 

M andr M l« 
aU«l with Ite' 
meter. 


touched together (“zero resistance”). As will bo soon lator, in oiir 
study of commercial fonns of ohmmeters in Chapter V, this tatter 
arrangement is the one most commonly t^iiipUiycil. since it Misiires 
a greater degree of ohmmeter acouraoy (even aft«r tJhe ImttMty 
has deteriorated considerably) than that rsatdtlng from Whe um* 
of a variable series resistor fw battery voltage cont|U'nc<Hii«<n. 
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3-15. Providing Several Ranges for the ‘‘Series'* Ohm- 
meter* — “It is not practical to design ohmmeters to cover within 
a single range, the full range of resistance measurement (from a 
fraction of an ohm to about 3 or 5 megohms) necessary in radio 


FlO. 8-10. — The 
series ohmmeter 
of Fig. 3-9 with 
a shunt resistor 
S added to pro- 
vldie a low range. 
The arrows show 
the direction of 
current How. 



service work. If this is attempted, the graduations at one, or 
both, ends of the scale are so crowded that accurate readings are 
impossible. Hence, ohmmeters are made with several separate 
rangiMi to cover the wide range of resistance measurement re- 
quired. Generally speaking, the greater the number of separate 
ranges the ‘‘totaP* range is split up into, the greater is the accur- 
acy with which resistance valu^ can be read, since now for each 
range the total number of divisions on the scale represents a 
smaller range of resistance. Therefore each division now repre- 
sents Imm resistance change, and any error made in estimating 
Iraotlans of a division when taking a reading represents a much 
smaller e^xor in ohms than before. 

Let us suppose that the series ohmmeter shown in Fig. 3-9 
has a certain range over which resistances can be read accurately 
from its scale — ^say 100 to 100,000 ohms. If it were desired to 
provide a lower range of say 0.1 to 100 ohms, we could connect 
a idhunt resistor 8 of proper value to shunt the correct proportion 
of the current away from the meter circuit, as shown in Fig. 3-10. 
Now, the meter deflection for any vi^ue of Bm would be propor- 
tionately smaller than if this shunt were not connected. There- 
fore, remembering that in a series olpnmeter the lower the value 
of resistance being measured, the greater is the meter deflec'M<m» 
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it is evident that we can now accurately meaaure lower valu« 
of resistance than we could before. A still lower range can li« 
provided by connecting another shunt reaistor SI in parall©! with 
etc. If we bring the ends of these reiiatons to m swilrli .Sir-|, 
we can connect either, or both, of them into the rirciiii nt 
to provide several low ranges, as shown In Fig. 3*11. Tyfiimi 


Fio. «.ll. Tht 
eliwiwatitr #f 

Fig, X Ui with tw© 
simiit S and 

4fjr addad. 
prcflda tw# addi- 
tional imngMi. Far 
higii rMlataiiMM, Mm 
4^¥0lt battaiqr a»i 
rwrroni-limliing 
itimlor ( ' art* pal Ip 
MriM witih Ite <dr- 
aiilt by .awHab BW-&. 
This naalta la aa 
atimaialar wllb faitr 
raagaa* 


oommeroial ohmmeters which employ this iQretem will be etudied 
in Chapter V. 

In order to make it possible to lucaKurit higkmr resistanri?# 
than the ^^intenn.®diat©*' range of Mi# mtlir pwividtos for, it la 
necewary only to inoreiM# th# battoqr volta^ M to to# 

eurrent throng the higher r«dstanoe. If the intwmediate nmge 
goes np to, *ay, lOO/WO cduna wh^ a 4 Vi-viidt battery is ueed, the 
range can be made t«a tim«M as high (1,000,000 obmel if a bat- 
tery havmg ten toes as much voltage, i^„ 45 volt*, and a cur- 
rent-limiting resistor having ten times as much resistance are 
t«ed. In Pig. 3-11, we have shown a switch SW-§ for roiuti'riing 
either the 4H‘Volt, or the 45-voIt battery and atldiyonal cur- 
imt-luniting resistor C, into tt»e circuit. Obviously, switohes 
8W~i and SfV-g can be “ganged” t<^tber to provide n single 
control for the sdecMon of aU to ranges of the obmnteter. In- 
stead of "switching" to 46-VDlt batt«y and resistor C into to 
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circmti they may be connected externally, between one of the 
tenninalfl T and one end of the resistor to be measured. This 
make« switch unnecessary. When the 45-volt battery is in 

the circuit, all scale readings should be multiplied by 10. 

Complete instructions for making a simple series-type ohm- 
meter from an ordinary 0-1 milliammeter, including the methods 
of calibrating the scale, increasing the range, etc., will be found 
in Chapter IV. In the present chapter we are merely concerned 
with the principle of operation and main characteristics of series 
and shunt-type ohmmeters. Descriptions of typical commercial 
ohmmeters will be found in Chapter V, 

3-15, Principle of the “Shtmt”-Type Ohmmeter* — ^Thc 
fundamental circuit of the shunt type ohmmeter is simply one 
containing several parallel or “shunt*^ resistors with a constant 
voltage applied. One branch, the meter, indicates its amount of 
current, and the other branch, the resistor under test, carries the 
remainder of the full-scale current. Since the reading of the 
meter therefore depends on the value of the ‘‘shunt'^ resistor con- 
nected across it, the scale can be calibrated to indicate the value, 
in ohms, of this resistor to be measured — instead of indicating 
the current, 

A consideration of Fig, 3-12 will make this clear. Suppose 
a meter M and battery B to be conneoted in series as shown at 
(ii). Further suppose that the resistance of the meter is, say, 
50 ohms and that the battery has a voltage of 3 volts. If the 
full-scale rsnge of the meter is 1 ma. (0.001 amp.), then the re- 
slstimce of the complete circuit must have a value of 
3/0,001s=s3,000 ohms, for the meter to read full scale* Since the 
resistance of the meter itself is 50 ohms, the value of E must be 
3,000 — 50=2,960 ohms. 

Now suppose that the meter is shunted by another resistor JR# 
of 60 ohms as sho^ at (B ) ; then if B is 2,960 ohms, the total 
oirouit resistance becomes 2,960 4- 26 (the equivalont rewstmice 
of two 60-ohm resistors in parallel) , or 2976 ohms. The ounmt 
lowing from the battery is I=JE/J?=3/2,976=0.0010(m ampare, 
or 1,008 milliamperes (1 ma. is close «tiough tm: oirr purpose). 
This Is very nearly the same' eun^t^as befmre, ibut .the- important 
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point is that now only half of this current is flowing through the 
meter, the other half is flowing through Uie external GO>ohm re- 
sistor J?,. The reading of the meter will now be only 0.fi raa.— 
half as large as before. Therefore, since the meter will always 



r/. ■ Simple series-type ohmmetor elrettit with a 

60-ohm 1-ma. meter. 


(B): Simple shunt-type ohmmeter circuit. The resistaiMM H, 
TO be measured is connected aorott the meter. The current / now 
divides, part flowing through the meter, and pert through !*». 


read 0.6 ma. when a resistance of 50 ohm* is connected at 
we may mark the 0.6 ma. point on the meter scale, "SO ohms" 
also. 

If, now, a 26-ohm resietor is shunted across the meter at JB, 
instead, the meter will take only 1/3 of the total line current, 
and will therefore read 1/3 full scale— or 0J33 ina. Since the 
meter will always read 0.333 ma. when 25 ohms is cojuwflctl at 
J2», this point on the meter scale may also be marked 9S okwm. 

If toe external resistance J?, is made 76 ohms, the meter eur- 
rent will be but 0.6 ma., and the pointer will only g^ up to the 
0.6 mark on toe scale. This can therefore be marked 7S ohms. 
Tollowing this line of reasoning, then, toe milliammetw scale may 
be calibrated in terms of "ohms of external resistance" fjjjl 
connected across the meter. 

The circuit of a simple "shunt"-type ohmmeter is diewn in 
Mg. 3-13. To operate this type of ohSmter, B Is fiitdJS^ 
to produce full-scale deflection of the meter (1 ma. In this ease), 
■vtoen nothing is connected aortm outout teanliuds T-I* ("irsn * 
oirouit”). Then the resistor whoto value is to be detofmiiiecl is 
connected across terminals T-T, thiw ahimtiiii it amross the me- 
ter, and its resistance is read directly <»i the seals of toe lat to r. 
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It should be noted that the lower the value of resistance to be 
measured, the less will be the deflection of the meter, since this 
resistance presents an additional current-path which shunts cur- 
rent away from the meter. Therefore, the scale on this type of 
meter has the low resistance values at the left and the high re- 
swiance values at the right. 

When high resistances are being measured, they shunt very 
little of the current away from the meter, and hence do not cause 
the pointer to move very much from its full-scale (infinite re- 
sistance) position. Hence they cannot be measured accurately. 
Therefore, in this type of meter, only about 80% of the scale 
can be used for accurate readings. For instance, for a meter hav- 
ing an internal resistance of 50 ohms, and for a useful scale from 
divisions 10 to 90, the range of the meter would be from about 
5 to 450 ohms. 

3-17. Extending the ‘‘Low*’ Range of Shunt-type Ohm- 
meters. —Of course the lower limit of resistance measurement of 
a shunt ohmmeter may be made still lower by shunting the meter 
imide of the ohmmeter with a shunt resistor Rg, before the resistor 
to be measured is connected, as shown in Fig. 3-14. This results 
in making the meter read lower on the scale, for any given value 


FlO. S-IS. — A simple shunt- 
type ohmmeter. B is first ad- 
justed until ^the meter reads 
full-scale value when terminals 
T-T are open. The resistance 
to be measurcMl Is shunted across 
the meter. 
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*pf resistance being measured. When a shunt resistor Eg is em- 
ployed, resistor R is first adjusted (with terminals T-T open) so 
•that the meter reads full-scale with this shunt connected. 

To understand just how much this shunt resistor affects the 
•ohmmeter range, let us suppose that our meter is first arranged as 
in Fig. 3-13 and that R has been adjusted (with terminals T^T 
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Open) to produce full-«cale reading. Now iiippoat tlml w- 
sistor E, (haying a value of, say, 50 ohms) ii connected diiw% 
across the meter whose resis'tanc© It also M ohnii, m in 



TO RESISTANCE TO 
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Fig. 3-14. Since both the meter and shunt r«ii«lanc«ii are aqual 
in this case, the meter reading will immediately drop In half-iwab 
value. However, if we now decrease rwiiUmce R to about half 
its value, the total current from Idle battery will be 2 ma. instead 
of 1 ma., and the meter will read full-scale again. Undmt Him# 
conditions, so far as any external resbt filter to be measure 
is concerned, the meter unit now has an effeetivt of 

ohms (Eg and Em in pmmllel). Therefore, any given resbiance 
now connected across terminals T-T eausM lest of Um 

meter reading i^an would occur with the previciits eirciiit 
ment, so. now it require a much lower resiilance lo liring ttie 
meter pointer down near the left md of m ■ tlmi i«, 
ohmmeter is now able to measure, aeeumtely, lower 
than before. The limits of this new ciieuit arriuust-innii futiiaig 
' only 80% of the scale) are from about 2M to ^ dh^ for ile 

*• ** <*• owe in i>r«etk«. 

9S% of fte floaio h (pvduated, ttiia ohranietwr owa fmia 

about 0.26 to 2^ ohms, but tlia «ud graduiMtcMtM would b« ratlMw 

Crowded. ■ 

The important point here ia Uiat, wiiJi a i^ven meter and eel 
of (sevwal B, resistors}, a shunt-type ehmmeter may be 

designed to measure resistances nmg^ng from a very low value 
to a fairly high value. This is one important attvantage which 
shunt-type (dimmeters have over Ute aitnple aertea typa. Of eourae. 
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the various slmnts may be selected and connected into the circuit 
by a switching arrangement in order to produce a practical multi- 
range ohmmeter. 

3-18. Combination ‘‘Series*’- and “Shunt”-Type Ohm- 
meters.— The series-type ohmmeter possesses the main advantage 
of being suited for the measurement of medium and very high 
resistances. The shunt-type ohmmeter has the advantage of 
being especially suited to the measurement of very low resist- 
ances without drawing a very heavy current from the battery. 
It is possible to utilize these advantages of each type by arrang- 
ing the ohmmeter circuit with the proper switches and resistors 
so that it is connected as a shunt^-type ohmmeter for measuring 
very low resistances, and as a senes-type ohmmeter for measur- 
ing medium and high resistances, 

S-19* Precautions to Observe When Using Ohmmeters. 
—The ohmmeter is one of the most necessary and useful adjuncts 
to any service man’s equipment and is indispensable for the rapid 



Flo. t Incorrect way to hold the test prods when 

using an ohmmeter. The togers are touching the bare metal of the 
test pr0d»t thereby shunting the resistance of the body across them. 

Correct way to hold the test prods — ^by the insulated por- 
tion. This insulates thmxi from the body. 

determination of r^istance values, continuity teste, etc. How- 
ever, certain precautions must be observed when using ohmmeters 
if accurate results are to be obtained. 

If the bare metal portion of the tea^ prods of an ohnm^ter 
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employing a 0-1 ma. meter, or a more »©fi«iiv© aiovenieiit, 
held with the hands, as shown at (A) of Fig. 3-iS, iti« laetor will 
not indicate the correct value of any hlgli resbtmnce being meas- 
ured. Instead, it will give a reading lower ^laa tlio iri» value. 
This is due to the fact that the ohmrncter 'tennifiiili »r« beinf 
*%ridged^' by the **ohmio** resistance of itie liiirtmn ^ly, wliich 
is usually less than 50,000 ohma— ^especially if the fingtw are 
moist and make good contact. The ohmmeter, then, really indi- 
cates the ^^quivalent reflistance’* of the bcaly reaiatanc© «nci re- 
sistance E in parallel. For this reason it Is to keep 

the fingers away from the metal of the test prods •Mad the tiain- 
sulated parts of the component under test, when making high- 
resistance measurements. The test prods ihoiild li« twlcl at the 
insulated part, as shown at (B). 

It is very often found that a reslitor whote value in **c>lims** 
is actually marked upon It, or whc»e value la determinwl from 
its color code markings (see ^*RMA Reaiator Color Ckide** in 
Eadio Field Sendee Data dfc Amtcer Book Smpfiemmni io Mtodmm 
Radio Servicing) , does not seein to have eaacily this rmmimmm 
when it Is measured with an ohmmeter. Whether the deviation 
is too great for satisfaciozy operation of die twelver dependa 
entirely upon the particular circuit in which Ih© nwiialor i« 
picked. For all practical purpoj^tH, huwi‘Vt»r, if th# iv^ured 
value^' of the resistance is within 10% plus or miniii of ^ 
^^marked valu®'\ it may safely be spumed to b© 
unless it is used in a circuit In which tibe value of tmialMiw 
is critical. The subject of ioIi‘ninrcH of r«ii,ator valuw will !>• 
discussed in ®reater detail in Chapter XXII, where Iht 
of individual radio componeniH Is mn^lilercd at length. 

Another important precaution to be t4»>t'‘r'r«'d wii«i i»ing 
ohmmeteie is tO' make wrtoin tiiat the **sefo-ohmi*^ 
has been checked and set properly in ac^tdanee wl& In* 
'Struetions of dhe manufacturer, before any iiietoiireitienta are 
madew ^ Failwe to do this will iwult in .an «rror in tte 
,naent, df the, battery voltage has dwreis^, ««i#« tihe 1^ 
this adjustment was made* 

^ Finally, when testing tiie reslstwaee of a i*onipiment, Is 
tain that no other component, such m tanker m ^1, a 
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leaky condenser, etc., ia connected in the circuit in parallel with 
it. If a very leaky condenser or any other closed-circuit object 
happens to be connected in parallel with a resistor to be meas- 
ured, as shown in Fig. 3-16, the ohmmeter will read the combined 
resuttance of the resistor and the leaky condenser (or other ob- 
ject) in parallel. This causes it to indicate a resistance lower 
than the true value. The mere fact that a condenser is not 



(A) (B) 

Fia« (-4): Incorrect method of checking resistance with 

an ohmmel^r* A leaky condenser (or other component) has been left 
connected across the resistor whose ralne is to be measured, thus 
shmtinir and causing the ohmmeter to indicate a lower resistance 
than t]^ tmm ralue* ' 

(B) s Correct way* The leaky condenser has been disconnected 
from the resistor while the resistance is being checked, 

to be a resistor does not necessarily mean that it is not 
Offing as a resistor. It will act as a resistor if it is ‘*leaky”* The 
best rule to follow is to disconnect one end of the component tm- 
dm ti«st iwm the receiver circmt it is in (see (B) of Fig. S-16) 
before maWng a resistance measiirement — always have one end 
of the oomponeat free, then there can be no circuit to any other 
pc»irible component in parallel with it, 

3*20. The Ohmmeter vs. Other Resistance Measuring 
Instruments. — Ghmmaters are used more than any of tihie othw 
instruments described in this chapter, for checking resistance 
and circuits in radio service work, for the simple reasons that 
they are compact, accurate enough for the purpose, fairly insa- 
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pensive and provide rapid measurement without mmd for my 
calculations. 

The Wheatstone ^ bridge method givea mom mcumim reaiilti 
than does the ohmmeter. The results are iiicleimmcienl of the 
condition or siae of the battery used, but depend alitiasi entirely 
upon the accuracy of the resistors in the bridge, and il« corwtriie- 
tion. Of course, the Wheatstone bridge is incire ecwlly arid Inilky 
than the ohmmeter and therefore is not m well suited for port- 
able use. Also, it takes longer to make the r«ea»ur*?iii©fit and 
the necessary calculations. For accuracy, ihoygh, tliew can b« 
no doubt as to which instrument must be ustd—lh# bridge far 
surpasses any of the others in aeeurfiry. 


UKVIKW QUESTIONS ANII PUOHI KMS 


1. 


2 . 


8. 


4. 


5. 


6 . 


1 . 


a. 

9. 

xo. 


11 . 


Explain how you would measure th# value of a ratlitr low m» 
sistance by moans of a voltmeter and amniotor. Draw a elreall 

diagram. 

A filament rheostat Is the relator In Question l« voltmaliMr 
reads € volts^ and the ammeter reads 0.i atiifa^rrs. Calenlale 
its resistance. 

The resistance of a ^^C^'-blas relator is Mwm meaattred by lINi 
ammeter-voltmeter method* The voltmeter g vollii aiid 

the mllllammeter reads 20 mlRIamperes. im} Draw l^e crlrmll 
diagram, (b) Calculate the realstanoe In ohms* 

Draw a circuit diagmm and eaplaln how you woi^ild int^anurf^ a 
high resistanee roughly, by using a voltnMOHr and a 4*# 

electric light circuit. What range voltnM'lef hi |ir«*f«»ral4v for 
tMs measuremantt 

In the measurement oi Qu^tlon 4 the imdbi^gi ^ the vollsi^r 
are 110 volts, and 90 volts. The lOO^volt range of a 2.omi fihiiis» 
par»volt voltmeter Is emplc^ed. Oak^ts lia vato# of the m- 
slstance being measured. 

Etate the advantages of the WhwakWim twrl^i ssetthod M 
ance measurement over that of tihe ohmmatsr. 

^Moe t^e Wheatstone Inrldge k a more ppeelwi IwiWwffiMl im 
resistance measurement than dhe ohminater, why li It imI imm 
more than the ohmmetor hr radio service menf 
p^w the circuit diagram of a simple Wh«akiW«e ^ 

label each resistor. 


(a) ®3cpl^n in detail how you would go atwiut a 

sis^nce wl^ t^e Wheatstone bridge of Qitw^i S, 

W Assuming valuoi for the various reiiiirtMto»i mmm «id«ilala 
the value of me unknown resistanee. 

Dwndbe j^ e construcdon of a slide-wife fcwm of lUbMiMiM 
Mdge. What advantage does it poiwwis t 

Wh^ gie du-rlitg a PMiislanM weitoura- 

mm% It is found that the ^*Mdge Is and !*• Mm 
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known mJttor hits a valus of 96 ohms. Calculats the vaino of 
the resistance beinv measured. 

It. Explain ttite principle of operation of a simple ohmmeter. 

18. What is the main limitation of the "ohmmeter method” of re- 
sistance measurement? 

14. Explain the advantafes and disadvantages, if any, of the shunt 
type of ohmmeter over that of the seriw circuit type. 

16. What are advantage mined by employing in an ohmmeter 
a 0-1 ma. milliamraeter, instead of one of larger range. 

18. Your aeriM ohmmeter now employs a 0-1 nwu mUUammeter hav- 

ohms. The ohmmeter has a range of 
0-100,000 ohms. Draw a circuit sketch showing how you would 
provide (o) a I0,000-ohm range; (b) a 1,000-ohm range. 

17. You wish to multiply the original range of the ohmmeter in 
Question 18 by ten. Eiqplain how you would do this. 

18. Draw a dtogram showing how you would convert a simple, single- 
mnge series-type ohmmeter to serve also as a voltmeter havmg 
four ranges, 

1®. |hcpl^ two precautions to be obemrved when using an ohmmeter 
for high-rMistaaoe measuremaats. 

80. I^ea the ohmmeter indicate a resistance higher, or lower, than 
the eonreet amount if the precautions of QumMou 10 are not 
observed? EbtolMn why. 



CHAPTER IV 


HOW TO CONSTRUCT OHMMKTKRS 

4-1. Making Homa-conatxucted Ohmmttara. — Aithougb 
excellent commercial ohmmeters (eee Chap. V) are available at 
low cost, radio service men often desire to construct ibeir own 
ohmmeters from meters and resistors that tiiey may have m 
hand. The construction and calibration of an ohmmeter also 
forms an excellent project for students of radio servicing. Ftw 
this reason, some space will be devoted to this subject in this 
chapter, and the design and construction data for three practical 
ohmmeters will be given. 

The construction and calibration of an ohmmeter are simpis, 
and need not present any serious difficulties to the average ex- 
perimenter or service man. The meter used should be prefiar- 
ably one of 1-ma. range or lowar, althoui^ a 2-, fi- or 10-ma. 
may be utilized with less satisfactory remits, if m*i c,HHHry. Chit 
advantage gained by employing a l-ma. meter liwi in the fact 
that the drain on the dry-cell battery is very low, namely 1 ma., 
and the battery will retain its full voltage for a long period of 
time. In addition, with this type of meter, it is posidble to ocm- 
struot an ohmmetor mth a range as high as lOOj^ i^Mms, uitaf 
only a 4V^-volt battery. This cannot be aoeompUsbed with ndl- 
liammeters of higher range—wluch require more eurrmit to mahe 
their pointers deflect across the full scale. 

4-2. Precaution to Observe when Makinf Otemittwre. 
— One of the chief difflculties enoountored when making ohmoie- 
ters from publiidied circuit diagrams wed mlHccllttncouH |MUts to 
to ^ the desired dc^jee of accuracy in the completed faMtni- 
ment. The final accuracy is the oipsMe sum of the individual 
accuracies of the individual parts which have bc«i ftSf t mWtd 

M 
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Obviously, if the sccuiiiulatcd errors of these individual parts are 
apprcciabh' and are all in one sense (all plus, or all minus), the 
overall accuracy of the dnal ohmmeter will be very poor. 

Generally speaking, the person who builds instruments of this 
kind from parts usually has no facilities for testing the device 
when completed, and must therefore rely on the accuracy of the 
parts that have been used. It is important, therefore, that tiie 
various parts ohosen for the assembly of any of the ohmmeters 
dMoribed in this chapter bo carefully selected, so that they will 
produce a completed device that will have a satisfactory accur- 
acy. RrMistors should be accurate, and permanent in value. 
Rimge-selector switches should be of the type which have low- 
resistanoe contacts — especially for the low-resistance ranges — 
otherwise errors of appreciable magpeitude will bo introduced into 
the ciromt and the ohmmeter will not repeat itself on these read- 
ings. 

When connecting shunt resiston into the circuit, care should 
be taken to place the shunts so that the connections to the meter 
terminals will be as short and direct as possible. Remember 
ttiat shunts usually are of low resistance. If much wire is used 
for connecting them into the circuit, its rmistanoe may be alm(Mt 
as |?oat— or even grater — thwi that of tiie shunts. Of course 
this will seriotisly impair the accuracy of the instrument on the 
ranges in which these shunts are used. . 

4-3. How to Dea^pi and Construct a Simple Series-type 
Ohmmeter. — ^Tbe design and oonstrucMon of a simple series- 
type ohmmeter, having a umful range of approximately 100 to 
100,000 ohms, vdll be oemsidered first. Ihls will be patterned 
aft«r the common series-ohmmeter ohrouit shown in (B) of Fig. 
8-8. A O-I d-c mlUiammeter is connected in series with a 4%- 
volt "O" battery and oaUhrath^ resistance B, as shown in F^ 
4-1. The lattw is made up of a fixed section Bi and a varialfie 
section B£. As is well known, the internal tesMaaoe of a dry- 
oell batimy Is not constant, but increases with &e» and use. This 
results in an apparent reduction in the terminal voltage of the 
battery. Iherefore, a provisitm for adjiisting the resistance of 
the ohmmeter circuit is necessary in order to nudee it possible to 
adjust the pointer (^ectlcm to fifil-soale when the terminals 
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T-’T (which are usually prods**) are •lior^d togeiher— ««¥#« 
though the battery voltage may have decrea*«d m miicti a« 2i 

per cent. 

We will now consider the design of this siniple ohititneter. If 
the terminals T^T are short-circuited (**fero**-re«l«iaiice), and if 
the internal resistance Rm of the meter Is 27 oliiii* fa mmmm 
value for a 1-ma, meter), then the circuit must hav© m tcital re- 
sistance of jB=^/I= 4,5/0.00I =4,500 ohiiw, to make ih« pciintir 
deflect over the full scale, i.e., to make I milliamperr of current 



RCSISfAHCe TO ac 
MCASimCO 


rm* 4-1.— Clf- 
cult diairrmn of m 
simple 

eluwfiietcr whmm 
deslirti and eoii* 
structiea mm #»»* 
iidered here. A 
reduced 

r#p red lie turn ©f 
til# neat# far ttili 
aii^r It atii»wii la 
rig, 4-t. 


flow through the circuit. Since the 2?*ohtii internal rwialanee of 
the -meter represent only six**tenth» of one per e«ai of iliie total 
circuit resistance, we can neglect it and »ay lliat tlie value of M 
must be 4,500 ohms. We cim then use a i*#d 

for Ei, and a 2,0(K)-ohm vaxiable rhetor for Ei, an alitiwo. Tbm 
latter can be set at l,5C)0“ohm value to meet eliwaii eoadi* 
tiom. The l*ma. point on tiie metwr Male em iiliw be 
marked ohms. 

" Now if w® imagine a resistor of eay 4^Mi #hn» to be 
cotmMted 'acroM tMt terminals JT-T^ only half m much emwMit 
will flow, and only a half-scale ikilMticm will pr*idurf*»I m the 
meter. Therefore, on this particular olimmetor, the M mm. ^lat 
on the scale can ako be marked **4,500 olmis**, f«rt w^mmwm 
instrument is connected to a 4,500-cihm rciii^r, tie irti 

read 0.6 ma. Similarly, other potato on the ,«rii!t* riyi In* markoil' 
wito toeir corresponding resistance values for :mdi^ Ji'i 

44. Calibrating to# **01iti«i** S«l# dl toi SariMhtfito' ' 
Ohmmeter. — ^The msI# of the milllantmttor am ^ 
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directly to read ‘'ohms”, by actually noticing the meter readings 
when several accurate resistors of known values are connected, 
in turn, across test terminals T-T, This is the most simple 
method. 

However, such a suitable series of accurate resistors are not 
usually available for this purpose. In such cases, the exact re- 
sistance values of Rm corresponding to any point on the scale, 
for an ohmmeter of the simple series type shown (in which the 
meter shows full-scale deflection when the test terminals are short- 
circuited), can be calcvXated by means of the following formula: 




R(M-m) 

m 


Where, Rm =a the resistance being measured (ohms) 

R ss: the “calibrating” resistance (in ohms) connected 
in series with the meter 

M sas the full-scale range of the meter (milliamperes) 
m fiss the meter reading (ma.) when the resistance Rm ia 
connected to the terminals of the ohmmeter. 

Note: This formula neglects the internal resistance of the meter, 
but this does not introduce sexious error since the resistance of a 
milliammeter is usually very small compared to the resistance B 
in series with it. However, If the meter Is of a type which has ap- 
preciable resistance (many high-sensitivity microammeters have a 
resistance as high as 1,000 ohms or more, as indicated in the table 
in Art, 2-14), and this resistance is to be taken into account, simply 
let R in the above formula be equal to the “calibrating'* resistance 
plu$ the internal resistance of the meter movement. 

To illustrate the use of the formula, let us consider a typical 
example: 


Example: A 0-1 milliammeter is connected in series with m 
^bOO-ohm series resistor R, and a 4 H -volt **C” battery, as shown in 
Fiff. 4-1* When the meter reads 0.6 ma., what is the value of the 
reiistanoe Rm being measured? (Neglect the milliammeter resistance. > 


Soluti'Oii: 

B(M^) 

m 

m 


4,600 (1-0.0) 

0.6 


4»600X^>*4 

- mm 

0*6 


S,000 ohms* An#* 


By repeating this calculation for various meter readings, the 
exact resistance of Rm corresponding to each reading can be de- 
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termined quickly, and a complet© **ohfns’* »«ml© m cliari can 
made for the meter, without actually having to irwiwiire a rnim- 
ber of accurate resistors of known value. Aitliciiigis tlie *\^knm** 
calibration may be marked carefully in |it?nril directly m ilit 
meter scale (after removing the meter from tli© it* m |khi« 

sible to obtain coninu*rc-.ialIy jjrinted scales of this kind at finmi** 
nal cost. Of course, an entire new scaki may drawn up by 



the ecirwiriielor mm ilila 
Briilfil board or aiiff |m|i«r 
finti fiiatimed ha Itie riietct-r 
fare. 


Fm. 4-2.* ‘A typical 

example of m bottia fiiiftd* 
mm\m. Tit# 
•’mm/' meal# i* at tli# 
licittam, and tb# **i»li»»** 
seal# la at iba top. Tbiii 
seal# la 'odftibb* far lb# 
ohmmab'r of Fof- 4-1* 


A reduced facsimile of a home-made scale for Hie «»titfitn«liir 
of Hg. 4-1 is shown in Fig. 4-2. Notice iliat the diviaioai 

are very crowded at the left (high-reiktance) imd, » acctirml# 
measurements cannot be made here. For rmigti mon^nr*-incut,j4^ 
the useful range of this instrument Is atipr<».Kiimd«'!y front liO to 
100,000 ohms. The **ohms** valuw on this »ale wiir© caloulatod 
from the formula given in this article. Of coiirwi litli ran^ 
could be increased by employing on® of the melliod* d^rilml in 
Art. 3-lfi. 

It should be remembered that one®, each time toe ohm- 

m-eter is used, resistor RB should be adjusted m toe »«lip rtaidk 
ful-seale (sero ohms) when the ohmmetor tortiiiiiftls are toueh^ 
together. 

4-5. How to Construct a Double-range Shtmi-^fpt OlWf 
M^«r*^An ohmmeter that wlR mewiur® lowwr toMi 

'the nne^ fust desindbed, will now be e«wid«r^. 
is of the ^^shunt^' type (see Art. 8-16) m4 may Ini to 
ure d-c resistance from % tom to aboiil mfl 06 dtoai li 
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ranges: ^ to 100 ohms, and 100 to 50,000 ohms. It will ^'main- 
tain its initial ealibration even when the battery voltage has de- 
creased as much as 33% due to age. The circuit of this ohm- 
meter is shown in Fig. 4-3. 

Resistor Rl is an ordinary wire-wound rheostat with a total 
resistance of 5,000 ohms, and R$ is an accurate wire- wound re- 
sistance of 6,000 ohms (accurate to at least 1 per cent). The 
switch S is closed only when the ohmmeter is put into use, and 
is open at all otlier times to prevent a steady drain of current 
from the battery. A 0-1 ma. d-c meter is employed. 

Three terminals are provided, as shown, for connection to the 
resistance to be measured. Terminals T1 and TB are for low- 
resistance measurements; T1 and T3 are for high-resistance 
measurements. Two 4%5-volt dry-cell batteries are em- 
ployed to furnish the necessary 9 volts of potential. 

Resistor Bl serves no purpose other than to enable the re- 
sistance of the meter circuit to be adjusted so that full-scale 
deflection ("infinite'^ resistance on "ohms^^ scale) is always ob- 
tained when all "test terminals^^ are "open^^ — even though the 
voltage of the battery may have decreased to as low as 6 volts due 


Fig. 4-8. — The cir- 
cuit for a double- 
rang© shunt-type 
ohmmeter whose 
construction is de- 
scribed here. 



to age. This should always be set for this condition before using 
the ohmmeter. 

If the resistance to be measured is low (between about % 
ohm and about 100 ohms), it should be connected across tois 
minals T1 - T$. This connects it in "shunt*" with the meter, pre- 
senting an additional path for the current to flow thjpougji. TiwBre- 
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fore, einoe the total current now dividwi and flowi through the two 
parallel paths (the strength of tihe current in each patli varying 
inversely as the reeistanoe of that path), lees current flowa 
through the meter than did beforei and the meter defection hi 
reduced. The lower the resistance to be measured is, the more 
the meter deflection is reduced, hence the Um-r»ei»tancn end of 
the scale in this type of ohmmeter is at the left. 

When terminals Tl - T9 are used, the shunting effect is in- 
creased due to the presence of resistor Rt in the parallel circuit. 
Hence a readable change in deflection of the meter may be pro- 
duced with resistances which are too high to produce noticeable 
change in deflection when connected across Tl - T9, l.e., this pro- 
vides a range for the measurement of higher reeistances tnm 
about 100 ohms to 50,000 ohms. 

4-6. Calibrating the Shunt-type Ohmmeter. — The eealee 
of the ohmmeter described in Art. 4-5 are beet oalibrated direeUy 
in ohms by actually noticing and recording the readinipi of ^ 
meter when a sufficient number of accurate reeietom of known 
value are actually connected in turn to the terminals for botii 
ranges. This is the simpleot way of calibrating the "ohms" scale. 

If such resistors are not available, the reslsUmce values eor- 
responding to vuious metw readings when tiie "low" range is 
used may be calculated fairly oltwely by taeeae of the formula; 


R.= 



Whrae, Rm s resistance bemg measwn^ (duns) 

JBm ass the internal resistance of tiie milliammeter (<dMns) 
M SBC the fuU-scale range of the metm (ma.! 
m BSC the meter reading (ma.) whm Jl, is CMiinvi tcHi to 
terminals Tl - T9. 


To illustrate the use of this fmmula for the low nuipi (tip to 
about !(» ohms), let us consider a ^rideal example: 


Bhcawpls: 
27 ohms is < 


'A' i . s^r ^vtog an intwmd 
sad the imeSam thi 


la 9M 
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when rnietanM to be measured is connected to low-range tei> 
minals T, - T,. What is the value of this resistance? 

Solution : B. - 6.76 ohms. Ana. 

I^ikewise, if the meter reading is, say, 0.8 ma., the value of the 
resistance being measured is 108 ohms, etc. 

The foregoing formula cannot be used for calculating the re- 
sistance values corresponding to readings on the “high^' range, 
for when the '*high^^ range is xised, resistor BB is automatically 
put into the shunted circuit. This alters the circuit conditions 
in such a way that the formula becomes inapplicable if accurate 
results are to be obtained. 

It will be necessary to make two independent seta of resist- 
ance calibrations before the meter can be put into service. They 
can be marked directly upon the face of the meter in line with 
each division of the original '^milliampere** scale. Otherwise, a 
new meter scale can be made (see Fig. 4-2 for the general idea) , 
or external reference charts may be prepared. External refer- 
mm charts upon which each meter reading has to be looked up 
in order to find the exact resistance value it corresponds to are 
not very popular among radio service men. The main reasons 
for this are that the process of referring to the chart for every 
reading slows up the measurement work considerably and also 
introduces the possibility of making errors when such reference 
is made in a hurry. Meters with directly-calibrated scales are 
much more satisfactory. 

Inasmuch as the author has found that the internal resistance 
of meters such as Weston and Jewell 0-1 milliammeteis vary as 
much as 20 per cent from the approximate resistance value* given 
in the chart in Axt. 2-14, no definite or accurate calibration value* 
can be supplied here for the range of this ohmmeter, irinee 

for this range the values depend enfdrdly upon the exact resistance 
of the particular meter used. However, upon one ohmmeter con- 
atruoted in accordance witibt the circuit of Fig. 4-8, the following 
readinp were obtained for the and the **M§h** 

Them may be used as a guide if this ohmmeter is eonsf^Cted. 
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^* i * ow *' range 


E* M©t®r Evading 

( ohmB ) ( frm ) 


0.8 0.01 

0.6 0.02 

6 0.16 

6.6 0.22 

10 0.2S 

20 0.44 

40 0.62 

60 0.72 

80 0.76 

118 0.80 

266 0.90 

666 0.95 

1,440 0.98 


••Hioir* 

EANGE 

E» 

Si«t*r Eeading 


imm^ 

02 ^ 

O.ot 

tm ,, 

0.04 

1409 

0J7 

1.700 ,,, 

047 

2,820 

O.M 

6.020 

O.fl 

9,800 

, , 0.14 

16,070 . „ 

, , O.Sf 

19.460 , ,, , 

o.io 

24400 . . 

o.ii 

82,000 . 

©JS 

88,000 ^ , , 

0.ft 

46,000 . 

o.ii 


An examination of these sets of readlfi®i wvealg an liilanwi- 
ing and important charaoteristio of this typ® ohminet^r. At 
the lower meter readings, the resistance inereMCi fairly slowly 
with increase of meter reading, and the resistance valnea «ay bi 
determined quite accurately. As the “high end** of llie scale is 
approached, the resistance values increa^ considerably for e%^en 
small changes in meter deflection, hence the pwiibllity of ntmkliii 
a “reading error" is very much p*eater. If graphs of boHi wto 
of readings are plotted on cross-tectlon pai^r, this eliaraclorisllc 
will be revealed even more forcibly. 

4-7. How to Extend High-rcaistancc Eanga# of 8i«ri«i* 
tjrpe Ohnameters. — In service work on mcKleni recelv#!^ which 
employ automatic volume control, silent tuning clwtilta* hi#i* 
fidelity amplification, etc., it is often to b# able to 

check the value of resistances of quite hi# value which are uaed 
in these circuits. About tm (10) nn^hms «seiii» b# lie maii- 
mum resistmoe encountered in coinmercial recelverit,, (§) 

megohm units mte fairly common, but It is wilt to ^ abla 1m 
measure resistances as hi# 10 m'e^hmi Ihoii# mm 
not enoomtired very oftm. 

Many of tills dhe^eters manufactory a few ytaiv msd 
many which are sold today, amplc^' a 1-ma. Mid do i«4 

have a range anywhere near as M# as this. In oi^hr to maiMtuta 
these hi# redlstaneei > witib th^e ohnnn^stet il te to 
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extend their highest range in some way. If the ohmmeter is of 
the **series’’ type when the high range is being used (this is the 
case for most commercial ohmmeters), either a more sensitive 
meter may be employed, or the voltage may be raised, in order 
to increase the high-resistance range. Although the simplest 
method is that of substituting a more sensitive meter for the one 
already in the ohmmeter, this involves the purchase of a new 
meter, which is more or less expensive. The only remaining alter- 
native is to employ some external voltage source of much higher 
voltage than that already incorporated within the voltmeter, and 
preferably an **even multiple” of it, to make measurements up to 
1 or 10 megohms possible. 

Of course, if this is done, an additional resistance must also 
be added in series with the external voltage-supply source. This 
must be of such value that, when the test prods are shorted to- 
gether (with the new voltage source connected) , the current flow- 
ing through the entire circuit is just sufficient to cause full-scale 
deflection of the meter. The value of this resistor may be calcu- 
lated by means of Ohm's law in the manner outlined in Art. 4-3. 
In (B) of Fig. 4-4, and in the following considerations, it will be 



Fig. 4-4. — The high-resistance range of a series-type ohmmetex 
(A), may be increased by connecting a suitable external voltage 
source (including the proper resistor) to it as shown at (B). 

assumed that this resistor is incorporated with the external volt- 
age supply unit, even though it is not specifically mentioned. 

Fig. 4-4 shows how the external voltage source should be con- 
nected in most cases. If a 1-ma. meter and a 4%-volt battery are 
used in the series ohmmeter, the highest readable range is usually 
arotmd 100,000 ohms. Therefore an eadiemal volta^ source of 
4%X10, or 45 yolts, will be necessary to multiply this ran^ by 
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10, i.a, to extend it to 1,000,000 ohms. Any nisding iMkm on 
100,000-ohm soaia muat now be multiplied by 10 ia ord#r to find 
the true resistance value. To increase the ranip to 10 mtfohcw 
the external voltage source must be capable of •upplyiiig 
4%X100=:4M) volts, etc. Since this external voltaf^ mmfm 
must be cheap, very compact, and light in weight in owtor to be 
practical and portable, the use of batteni» for funushing m high 
a voltage as tihis ia out of the qucstkui. 

A suitable line-operated voltage-supply unit which meets toMt 
requirements satisfactorily may be eonatruetedi from the 
supply unit portion of the circuit diagram of Fig. 4-S, and may 
be connected to the existing ohmmeter as shown at iB) of Fig. 
4-4, if the ohmmeter is of the simple seiioi type employing a 
1-ma. meter. Instructions for its use will be found in Ait. 4-S. 

4-8. How to Construct a High-range Obminatar-— The 
complete circuit diagram for a high-rungc ohmm^tor which «in- 
ploys a built-in high-voltage supply unit, and which will 
ure resistances from Vi ohm to 10 megohms (in 3 rangwi) even 
though it uses only a single 0-1 inlllmminrtcr, is ahown In Pig. 
4-5. To make this instrument really universal, is mlm 

made for the measurement of low and IntomiMIato valiw of 
resistance, as well as very high lesistanccs. 

As shown in the circuit diap^am, the high-volt^ mipplf unit 
consists of a power transformer T and a ^lA, '12 A tw 71 A 
tube connected in a hall-ware r^tifler clwuit* The ptilpiit la 
smoothed by the small filter oondenier C, currcnl-liffiitlng 
sietor R$, and '"sero-ohms adjusting'' rwilitor JI4. II will Im 
seen that the balanoe of the circuit Is id«itical with toai mt toe 
doublo-rango shunt-type ohmmeter deseribwl in Art 4*i wid 
illuebrated in Fig. 4-S. This circuit opcratctl by ttit f-voll bal* 
tery is employed for the ^*LOW** and mm^ of lb# iftilw- 

meat For, the rmm, toe circuit bOTomw iia **m^m** 

type, with the vacuum-tube roltage-iupply unit fttrnWhlttf 4^ 
volts for its operation. 

The power transformer T may be of the |y|^, 

its ou^t need be but 4f^ volts, and the only load pkwt 
boto it and toe r^ifler tube is 1 mllllampstw-^lii# 
consumption of toe met^. The filter condmi^ C hm m oapatl^ 
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of 0.1 mfd. This value is not critical^ since it is used only te 
produce a smoother rectified current flow. Only a condenser 
with a rated working voltage of over 450 volts should be used^ 
as a breakdown may be disastrous to the power transformer. 
Resistor ES is a 250,000-ohm unit, and is used with m, a 
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Fro* 4-6. — Circuit diarrom of a high-voltaae supply unit (within 
th® dotted lin® rectanfirle) capable of delivering 450 volts, and an 
ohmmeter circuit capable of measuring from H-ohm to 10 m^stoham 
in 4 ranges. If the resistors shown at the right (drawn dotted) are 
employed, the meter can also ho used as a 4-range d-c voltmeter. 


500,000-ohm adjustable rheostat, to limit the ourrent flow to the 
meter* The voltage-supply unit obtains its current from the 
llO'-volt a-c electric light mains. 

The and 'TATT" ohmmeter rang© may be calibrated 

md operated in the same way as described in Art. 4*^6. Whm 
Mgh-r«iistanoe measuremMits are to be made, toggle strttdi 
SI is fkst opm&df In order to disconnect th© 9-volt battery ear 
tirely from ^© eirciiit. Now 1b© Mi^-voltag© supply unit Is con- 
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neoted to the a-e ha© and switched on. lieaktor M 4 t« then 
adjixsted for full-seal© dedeetioa (***®ro*’ ro«liti«c©)i wlien th« 
ohms and *^COMMON*^ terminals mm ?4oui^rif,nuti*ih 
To calibrate this high-resistaae© range, a niiiiitior «f arriiriite 
comparison resistors may be used, noting the riwttir reading when 
each one is tested. 

Note; ming th^ hiqh<^0»iMtmm* waf#, whomM i# 

observed in ih$ handling of the ohmmeier imi promt eimm high pmtm^ 
tied emiete aarom them. The bare metal portions skemid mot be tmioMsd 

or held by the hands. 

If multiplier resistors MS, Ee, E7 and EB are also provkltd, 
as shown in Fig. 4-5, the meter may alari be iitecl m m 4-raiigi 
1,000 ohms-per-volt d-o voltmeter, tliu« greatly it* 

usefulness. Of course, in this case, Si and ih© ‘line awlicb” for 
the voltage-sup[)ly unit must be left apm. 


REVIEW QUESTIONS AND rntmtMMH 


2 . 


5 . 

6 , 


7t 


9. 

10 . 


State one adTantage gained by using a ^ery seiMiltlv# mater la 
an ohmmeter, instead of employing one that Is i«M aeMlilre. 

Explain how the ‘accuracy of the varioua Individtial partii of an 
ohmmeter affect the accuracy oi the i omph^int Imiimmant, 

State B pre<^ntlphs which must be tahen when mmtrnmUmm mm 
ohnam^eter, if the aixpracy of -the r»tiu»h4i,H| Itmtinitmiinl Inmbm 
kept high. 

Bmlmin how you -would proo««l to e^ltaruta tb« •««)» of m» 
ohnuastor by meoM y>t ooeurato rMfaitoni of ksiown ooluo. 

What offoct bu tbowocurocy of tho nwiotora ompioyod tn Quo*. 4 
upon tho occuMwy tho tltml eoilbration of Um olimmol^. 

BxpWn how you would prooood to esUbrsto th*< of ttw 

■Imple owios ohmmeter of Flir, 4-t by mowM of t-wb-uii.tiutiii par* 
formed through the use of « formulo. 

formul*, parform oU tto c^utsttom ikhm*. 
^ tho^*^il«mtloB of tlM 

3T.Ti'^tirnXrM&'^ a: £scs.!?“as: 

Explain how you perf ormed the ealeulatloiM In Pwlibww f. 
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(by What determines the ^^multiplying factor'* by which the ohm- 
meter scale readings must be multiplied in order to find the 
actual resistance when the range-increase method of (a) is 
employed? 

11. Why is it preferable to make routine resistance tests in radio 
service worlc with an ohmmeter rather than with an ammeter 
and voltmeter or a Wheatstone bridge? Answer this question 
from the point of view of: (a) number of instruments required 
for the measurements; (b) rapidity with which the measure- 
ments can be made; (o) space occupied by the instruments, and 
their weight; (d) cost of the instruments required j (e) time 
required to set them up and connect them for operation. 

12. Explain how the accuracy of the resistance measurements made 
with an ohmmeter is affected if the battery has deteriorated to 
such an extent that it is not possible to adjust it to the proper 
‘‘zero ohms'* position before using it. 



CHAPTER V 


TYPICAL COMMERCIAL OHMMETERS 

5-1. Value of Studjrlng Commercial Inetrumenta.-— Tfee 
ohmmeter is such a useful instrument, that many excellent com- 
mercial forms have been developed. Most of them provide aev- 
eral convenient ranges for covering the wide ranp of resiataoce 
measurements required in radio service work. Since the circuit 
and switching arrangements employed by Uie various manufae- 
turers (hffer somewhat, it will prove very hwtnicUve to irtaidy 
some typical ones in detail. At the same time, very valuable 
experience will be gained in "breaking down" circuit I ^ -i a i 
Some circuit <liagramH appear rather complicatwl at first, Ihi» are 
found to be fairly simple when studied systematically and 
“broken down." 

5-2. Ohmmeters, Volt-ohmmeters and Volt-^un-mUHmn- 
meters. — ^After our rather detdled study of raiiUammeters. am- 
meters, voltmeters and ohmmeters in the preidous chapters, H 
must ^ quite evident that it is parfeetly posrible (o imo tlm 
meter contained in a^ ohmmeter, as a voltSMter or ntilliamme- 
ter, by the simple esqpediant of adding suitable switebw to «ul 
multipliers and sbunbi in and out wh^em necessary . Such an 
instrument is then a comblnati<m voltmeter, ndlllammeter and 
ohmmeter. A variety of voltage rmkgei may be obtained by 
using sufficient mulriptler reristors; a number of crmyctiSi id nril- 
liammeter ranges may be had by using tbi prop«r taunts; and at 
the same time conv^ent ohmmeter rimgea may be made avtil- 
aUe. Such eombination kstrummts usually have all the naeei- 
sary batteries required for ordinary wtwrk, a(df-fion^thsed iritbla 
the instrument case. They are known nnd«p varioui nantes, iimh 
as, “volt-ohm-miUiammeters", “multiteidws”, ‘‘cots^iiiatiott test- 
ers," etc. Special combinations of voltoudwrs and ^emtt«rt 

100 
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only, are oailed **volt-ohmmet6rs,'' and are made in a wide 
variety of rangea* Although one of these combination instru- 
menta slightly more than a single corresponding milliam- 
meter, voltmeter or ohmmeter of similar range, they are ex- 
tremely economical because a single combination instrument will 
do the work for which a number of separate instruments (at a 
much greater iotcd cost) , would be required. 

We will now study the circuits and construction of a few 
typical, interesting ohmmeters, volt-ohmmeters and volt-ohm- 
milliammeters which have been designed and marketed by com- 
mercial test-instrument manufacturers. This study should 


Fio. 5-1. — The volt-ohm-milli- 
ammeter whose complete circuit 
diagram is shown in Fig. 5-S, 
Any one of the various voltage, 
current and resistance ranges 
can be selected quickly by me 
rangpaaelector stHtch knob at 
the center* 
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prove very instructive, and helpful in making ohmmeter circuits 
clearly xmderstood. 

5-3. ‘'Radio City*' Model 403 A Volt-ohm-mmiammeter. 
—The instrument pictured in Fig, 5-1 is a combination volt- 
meter, milliammeter and ohmmeter designed especially for radio 
service work. The voltmeter provides four ranges, the ohm- 
meter three ranges, and the milliammeter two ranges, as follows: 
0-5, 0-50, 0-250, 0-750 volts d-o only; 0-2000, 0-200, OW, 
0-2,000 ,0(X) ohms; also 0-500 microamperes and 0-50 milliam- 
peres, d-c only. 

As shown in tihe schematic circuit diagram in Fig, 5-2, 
switching is automatically acoompli'Shed by means of a triple- 
pole (aiTsmged in three decks) , tm-position selector switch c<m^ 
neoted to tibe various resistors and 500-microampere metar Jf. 
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5-4. “Break-down” Circuit Analysis of the Volt-ohm- 
mUliammeter. — Since the sohemaUo circuit .ni.r.rain of the fore- 
going instrument appears naoro cotnplioate<i than it really ia, it ia 
desirable to "break down" the circuit when studying it. in order 



Fro. 6-2. — Ths schematic circuit dlaoram of the eolt-ohm-iaitli- 
ammeter illustrated in Fig. 5-1. The three aecttons “A”, ‘*B" soMl 
"C" of the range-selector switch, are here ehown indetiefidwntly, with 
their respecti're contact Mints. Ths “brsakdowns” of this eirmitt 
for various positions of the switches are shown ia FIga. 6-S to i-4. 

to show what the actual circuit arrangt'mHii la for any piuiloultur 
setting of the selector switch. This has beon dtme in Fipi. 
to 5-e, in oonneotilon with our analydw of this instrunmit. 

Let us suppose that the selector switch has been set to 
tain the SOO-mioroampere rangts - hy turning it to the "SOO- 
mictroamp” position. When this is done, the cootaot arms tei 
switch sections A, B and C (see Pig. ft-2) touch the r»'"j llv»* 
No. 1 o(mtaots. If wo cuofully trace through the circuit eonnmt- 
tions for this oonditiion, starting at tiie instrument “output” t«r- 
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minal J-i and finishing at terminal we will find the actual 
meter circuit to be as shown at (A) of Fig. 5-3. By omitting 
switches A and B, this may be simplified down to the simple cir- 
cuit shown at (B). It can be seen that with the selector switch 
in this position, the circuit is such that the meter is simply con- 
nected directly across the ‘^output^^ terminals of the instrument, 
so that its full sensitivity is available. 

If now we suppose the selector switch to be set so that the 







SJSOL 


J-2 


Pi< 3 , 6-8*— '^Breakdown*' of the circuit of Fig. 6-2 when the 
selector switch A-B-C is on contact No. I. The actual circuit througrh 
the switches A & B (switch C is out of the circuit) is shown at (A). 
The simplified circuit is shown at <B). This places the meter directly 
across the output terminals, providing the 600-microampere range. 


switch arms on switches A, B and C make contact with their 
respective No, B contacts in order to provide the 50-milliampere 
range, we can trace through the circuit of Fig. 5-2 again, starting 
at terminal J-Jf and finishing at terminal J*B, tracing throng 
that part of the wiring which is now in the meter circuit. This 
portion of the instrument wiring is shown at (A) of Fig. 5-4. 
This wiring in more simplified form with the switches omitted 
from the drawing is shown at (B). 

If the selector switch is set so that the switch arms mah^ 
contact with their respective No, S contacts, the meter is auto- 
matically connected as an ohmmeter of 0-2,500 ohm range. If 
we trace through the circuit diagram of Fig. 5-2 and It 
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dowD*^ in iho sono,© wity bm b©for©i for thii poiitioii of iwiteli** 

6B, w© will find tJbi© motor circtiit to bo oo iliowii ot C«4]i of F*!®. 

In this case, we have omitted the interm^ia^ diap-am •howli^ 
the 8wi,tehes. Note that the shunt 81 h emnmtM aor^ the 
meter terminals and ttiat the meter is now ©o«in«t<i^ a» a eeii^ 
type ohmmeter, slnoe ‘tibe r^istanoe to be meiu^unHl, when con* 
nected to terminals J*l and J-f, will be In asms with lii# meter 



Fio. 6-4.^ — ^**Breakdiewn^*’ of the elrcwll of Fig, i-S when 
selector switch A-R-0 is on «^ntact No. f < The aelnal etfenli thf»tt|^ 
the switches is shown at <AK The slmnllllid elfeult to shoeni at im* 
This places shunt resistor 81 across the fttstit* 'toi'imiiialii, 

the 50 milliamp. range. 

and batteiy* The fixed seiiM wmmtmm Im M 1 pltj» a p»rll«a of 
MVl, Ewistor EFI becomwi tihe 

, In its fourth poelMon,. the aeleetor twitch eonn^sta in M§ and 
M ¥ 1 wlthout'^e mel^ limnt 8 1* Thk rwiilito in an nhmso^ 

having the oirouit shown at (B) of Fig* and having a 
of 0-200,000 ohms. In botli this, and the previtnifi |K»dtiaMi nf 
the switch, only IJ volts of the self-containtd battery it 

Whm the 0*2,000,000 ohm range Is sel^WI (ennlael If#* § 
on the switches) , ihe circuit Is as shoiiui at (C) of Fig. §*§♦ 
sistors M $ and MV 1 are now in mnm with Ih# mMmf in 
junction witti the full lS*volt potentiia! of Hi# ImWory. 
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When the selector switch is in positions No, 6 to No, 9, in- 
elusive, only sections A and B are effective, and the circuit ar- 



Fkj, 5-5. — ‘‘Breakdown” of the circuit of Fig. 6-2. The circuit 
•connections for the instrument are shown for the following conditions : 

(A) * Selector switch is on contacts Nos. S, This makes it a 
0-2,000 ohm ohmmetcr. 

(B) , Selector switch Is on contacts Nos. J^, This makes it a 
0-200,000 ohm ohmmetcr, 

(C) . Selector switch is on contacts Nos. 5. This makes it a 
‘0-2,000,000 ohm ohmmeter, 

rangenient becomes that shown in Fig. 6-6. Here, 7, 8^ 9 repre- 
sent the contacts on switch (A) (see Fig. 5-2 also). The four 
resistors now become series multiplier resistors, and make the 


Pio, 6-6,--“Break- 
down” circuit dia- 
gram for the meter 
'Of Pig. 6-2 when the 
selector switch is on 
the “voltmeter” posi- 
tions. This makes it 
a voltmeter having 
four ranges. 
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4—1 


4-t 


meter a “voltmeter”. With the switch on contact No. &, te 
in eeriee with tihe meter, and it becoihes a 0-5 d-o voltmeter. 
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With the switch on contact N&, 7, MS m in i«rk», aii«l tli« rang# 
is 0-50 volts. When it Is on contact N&» S, M 0 m in •«««•, aa4 
the range is 0-250 volts. When it m m contact Wo. 9^ M0 and 
R 7 are in series, and tiie range is 0-750 vcdti. 

Resistor RV 1 (see Fig. 5-5) is so ccmsiriict«<i, lliai its re- 
sistance is different for different equal parta of its Iriigtli, At 
the low ohmmeter ranges, small changes in this rr»i»taiie© |iro« 
duce large changes in the meter reading, and for lliis reaion 
accurate “zero adjustment’* of the instrument pritir to iiaing In- 
comes difficult. By winding the resistanee ebiiient iii» lliat it I# 
non-uniform (the change in resistance m slow at cine end lyad 
rapid at the other), good adjustment is obtained over lli« entirt 
range of the instrument. 

A feature of this particular instrument s» thmt but nine pair 
of tip-jack **output” terminals are used for all tlicf differeni pur- 
poses and ranges of the instrument. 

The ‘‘break-down’’ method of circuit aiialysb wbirli wm 
employed in the detailed study of this inatruiiieiii alMiiild b# 
practiced by servicemen when attempting to flnd out how tail 
instruments operate, when only a complete clreiiit diagmm of tb# 
instrument is available. Through its use. tb© of even 


Fin. S-7.«^A v#ll- 

ohmmeter whieli provides four volt* 
mm ran^s and four 
rang#*, Ite aeliemalic «ir«il 4 ^ 
gram Is sbown in Fig, i-i, f Stoll* 
cross voltHcib»iii«ter Mo. «1|. 


Oimrt$»v If/#, O# 



the most complicated instrum^te c,aa be wortod oiil in 
step ^ fashion, and tmderstood clearly. It will to foiitol v®fy 

ful later, fat studying the operation of uaiyaeni, teal o eel llatott, 
tube checkers, etc., from tiieir rathm- compIieat<>(1.ap{M>nrinK rir- 
cuit diagrams. 

5"S- — Slialtaroes” QuiciD^change VoltHiiliiiiiiBMfleir Mo. ##!• 
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-—This instrument, designated as a ^'Quick-change Volt-ohmme- 
is essentially a simple voltmeter and ohmmeter arranged 
with a simple switching system to enable any one of four volt- 
age ranges and four resistance ranges to be selected quickly by 


Pig* 6"8*— Schem- 
atic circuit diagram 
of the volt-ohmmeter 
shown in Fig. 6-7. 
All r a n g e s are 
selected by means of 
the d 0 u b 1 e-pole 
switch A facsim- 
ile reproduction of 
the scale of the in- 
strument is shown 
in Fig. 6-9. 



means of a double-pole, nine-position switch S, The instrument 
is illustrated in Fig. 6-7, and its schematic circuit diagram is 
shown in Fig. 6-8. The operation of this instrument can best be 
studied by the same "break-down'^ method that was outlined in 
Art. 6-4. However, the various individual diagrams will not be 
given here. The reader will obtain very valuable experience by 
drawing them for himself — a separate diagram showing the com- 
plete circuit connections should be drawn for each position of the 
switch. 

Eight positions of the switch are active. The first, at the 
extreme right side in makes the instrument an ohmmeter 

with a maximum ran 3,000,000 ohms, when an external 46- 
volt "B "-battery is v^Cmected in series with the instrument (a 
0-1 ma* meter) . The scale, shown in Fig. 6-9, is then multiplied 
by 1,000 to obtain the correct value in ohms, since the lowed# 
ohmmeter range, 8,000 ohms, is engraved on the scale. This posi- 
tion is marked X 1|000, the meaning "multiply by." For 
position iVo. $ of the switch, the ohmmeter becomes a simple 
^'series" type with the meter, ^e 4,200-ohm resistor, iko 600-ohm 
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variable resistor, and the internal battery all in Mrim with the 
resistor to be measured. For position No. S, the naeter, 
ohm resistor, 500-ohm variable resistor and battery ate alt ho 
series with the resistor to be measured. The 600-ohro fixed re- 
sistor is shunted across the first three of these. For ewiteb poid- 


Fro. 6-9.— Ewiuowi fao- 

simll® reproduction of the 
semi® of the o^mmotor Il- 
lustrated in Figs. 5-7 and 
5-8. 



Mon No. 4f the same arrangement holds, wcotpl dbai lh« 
ohm resistor is now the shunting imiilor. The rt^ituilning fmar 
positions connect the multipliers in ^e oonvimtlmst mtIm fashiiM 
to make a voltmeter, the tapped multiplier •jitom b«iiig uiwrf.. 
Voltage ranges of 0-10, 0-100, 0-500, and 0-1^ Volta are ob- 
tained. 

Hare again, the switohlog system makM It p^ilblo to im 



Fw. 

mi^r whieli 

a wide mnpt ut V44fag9» 
and tsauiliiitfe smmim- 
mumi'Oi. its eifeuH iiiimM 
in 

(Kuprtnti*^ Model 111.1 


but two, t6«nin.als d^rou^ w’hicb all the faeiliMit# of 

meat may be obtained for u»e. 


5-6 ‘‘Supreme*’' Model 111 V0lt-0lii™n«ter*~Tbe Hiiprisme 
Model 111 d-c volt-ohmmeter, illusbratsrf in Fig, S-l#, «»* 
ploys a meter with a full-scale d^BmUm of on# millJaffi|^. 4 
7-pQ8ition i^lector switch miyke# it pcwiiM# to lb# fotiwli^ 
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ohmmeter and voltage ranges: 0-1,000 ; 0-10,000; 0-100,000; 
0-1,000,000 ohms; 6, 26, 125, 250, 600, 1,260 volts d-c at 1,000 
ohms-per-volt. The 0-1,000,000 ohm range is obtained by con- 
necting an external 46-volt battery to the binding posts provided 
for this purpose on the panel of the instrument. All other ohn|- 
meter ranges are operated by the self-contained 4. 6- volt battery. 
For *'jKero-ohm'' adjustments, a 3,600-ohm rheostat is connected 


t MEC. 


OHMS 
^(COMMON) 



Pig. 6-11, — Schematic circuit diagram of the volt-ohmmeter shown 
in Pig. 6-10. The ohmmeter section has been redrawn separately in 

Fig, 6-12. 

in series with a 600-ohm resistor across the 300-ohm ‘^movement*^ 
of the meter. 

From the schematic circuit, Fig, 6-11, it is seen that when 
the 1,000-ohm-range terminals of the ohmmeter are short-cir- 
cuited, the battery is connected across 33 ohms of resistance, and 
these 33 ohms are In series wit±i a 297-ohm and a 2,T23*ohm 
r^iiitor, ihe combination being across t^e met^ movement 
(which is also shtmted by the sero-adjusting oireidt mentioned 
previously) , The battery is connected mtom different values of 
rwiirtiaiice for mmy different voltage rmige whm twmimAs 
$m short-circuits for sero adjusbEnent, It is wS to brMO #nt 
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the circuit for every mode of connectiofi tlsortitiglily t-o ititclewisod 
the instrument. The ohmmetor eeetioii hm Imnm rtf-cIrAwn iep. 
arately to facilitate this, and is iti fig. S»I3. 

The markings of the **ohms** range of the iiwler. wliiels mm 
direct for the 0-1,000-ohm range, miwi he liy III fby 


31,500 

OHMS 

^ aaeo ohms 


— i,vi.n\vvw - 
ai OHMS 




600-^:: 

33 

OHMS 

OHMS 3: 

Lj 


.ir":4..s V. 


1,000.000 OMMi 
100,000 OMWIS 

r-rr* OHMS 

iT OHMS 

-i^OHMS CCOMMOH> 


Fig. 5-12.— “Breakdown** of tho circuit of the volt-otiiiifiietar 
«hown in Fijra. 5-10 and 5-11 when it is uned mm an tilttnfiieiar. 


adding a zero) for the 0-l0,000-ohm« range; by ICiO (by adtllng 
two zeros) for the 0-l00,0(X)-ohms range; and by 1,CI00 |tiy add* 
ing three zeros) for the 0-l,O(HhOOO-t»hnt miife. For 
measurements, the selector »wl|fh is rotate to ili« desired vtill- 



Courtu^tf »» ««(vn Aioet. Xmtir, Omtp* 

age range. Only ikam Yolti«e raii«m «« marlcad upon tb» m** 
ter eoale, namely B, 3B and m volt*. ITia SSO^Yolt ma^ 
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ings are obtained by multiplying the 25-volt range readings by 
10, and the 1,250-volt range readings are obtained by multiply- 
ing the 125-volt range readings by 10. ^ 

5-7. ‘^Weston’' Model 654 Volt-ohmmeter. — ^This instm- 
ment is equipped with a 0-1 milliammeter, whose scale is directly 
calibrated in two resistance ranges of 0-10,000 and 0-100,000 
ohms, and four voltage ranges of 3, 30, 300 and 600 volts, at 1,000 
ohms-per-volt. A self-contained 4.6-volt battery provides 
the necessary potential. As shown by the photograph of Fig. 


VOLTMETER TERMINALS 



Pig. 6-14. — Schematic circuit diagram of the volt-ohmmeter 
Illustrated in Pig. 6-18. 


5 - 13 , all voltage ranges are brought out through the tip-jacks at 
the top of the instrument panel. Two toggle switches are used, 
as shown in the circuit diagram of Fig. 5-14. When the first one, 
S J, is cloBedf the meter becomes an ohmmeter — ^when it is open, 
the meter is a voltmeter, with multipliers of the series t 3 rpe. The 
other switch, S changes the sensitivity of the meter for the high 
and low ohmmeter ranges. It does this by altering the eonnee- 
tions of the 3,466- and 3,476-ohm resistors in the circuit. 

The «ero adjustments on the meter are made by means of 
the 400-ohm rheostat located below it on the panel. 

5-8. ‘Weston'' Model 663 Volt-ohra-milliammfter.— 
Through the use of a 50-microampere meter, a S-pole 8-p<Nri- 
thm switch, and the necessary multipliers and shunt rewistances, 
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a large number of ranges is made poaiibk witli Hie mry ioter^- 
ing model 663, volt-ohm-mi II lammeter ihowa ia Fig. i-lS. Tit 
scale of the mdieatiag mstrument is mark^^ 0-1,000 oliaii; 0-2 
5 and 10 volts and milHain|K‘rt*rt. The hdlinviag ra»ffs, !i*5'W(in-fT, 
are also available: 0-200, 0-1,000, 0-10^, 0-100^, 

0-1,OCK),0€0 and 10,000,00€^ ohms; 2.5. 10, 100. 2», «O0, 1,030 d-« 
volts at 1,000 ohms-per-vnlt ; and 1, 5, 25, 100 d-o ttiiiliatoptr^i, 
A facsimile reproduction of the meter «3ale is fhowii in Fig. i-li* 
Notice the scale and the graduations on it. 

The schematic circuit diagram of this t^ter, m drawn ia 
Fig. 5-17, is easy to break down into individual circuit#. ^ 
position J of the B-seotion selector switch, the meter la dlaeoi- 
nected entirely from the circuit. Thia Is the **off** pcwiUoa, 
position the 6,000-ohm fixed and the 15.000-ohm variaWe re- 
sistors are connected in aerice, and the combinail©ii Is eoaiieetid 



Fm, S4i. — A 

pmvid## fear eiarrstif 
rartiCMi, • I m wmlmm 
ranges, and six 
antss rangM. All ranj^ 
art utlwstiwi by Iht •tit- 
ter switch at lilt 
Its sehciamtlo elrcnll dia* 

f ram ia shewa ia Fig, 
-17. A fatiiiiila 
grtduetleti ef Its mmh I* 
shewn In Fig. i4i. 


Wmtm JBUpi, Iwntr* €0rf*. 


across the meter j the variable relator provide# for 

ment . At the same time, the ohmmeter tertninali art cooutcti^. 

M «en«i with one cell (IJi volte) a II 4 OO-, a a.€O0-, and • f JOOk- 
ctei resUtor across ttie m«tw movement. Also, a 4SNdiai i»» 
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sistor is connected from the positive side of the meter to one of 
the ohmmeter terminals. This ‘‘break-down’’ is shown in Fig. 
5-18. By imagining the swritch to be successively in the remain- 
ing positions, similar breakdowns of the circuit may be traced. 

Although only one resistance range is marked upon the 
meter scale (0-1,000 ohms), the other 5 ranges are obtained by 


Fig. 6-16. — A facsimil® 
reproduction (reduced) 
of the scale of the volt- 
ohm-milliammeter ahown 
in Pig. 5-16. Notice the 
non-uniform “Ohma” 
»cale. 



rotating the selector switch to the multiplying or dividing factor 
mark engraved upon the instrument panel The instrument will 
indicate readings below 10 ohms to as low as O.l ohm, since the 
first calibrated meter division of this scale is 1.0 ohms. A bat- 
tery voltage compensator is provided with a control knob marked 
“Ohmmeter Adjuster.” A 1.6-volt battery is used. The 10- 
megohm range is secured by using the full sensitivity of the me- 
ter and 12.5 volts of battery. For the next lower range in resist- 
ance, the same sensitivity is maintained using a single dry cell 
of 1 volts. The remaining lower ranges are obtained by shunt- 
ing the meter to obtain various sensitivities. 

When the instrument is to be used for the measurement of 
voltages or current, the selector switch is turned to the desired 
position and the tip-jaoks for the raage on the right or left side 
of the panel are employed. When used as a voltmeter, the motor 
movement is ^dumted properly to make a 1-ma. movem«it out 
of it. With the proper multiplier resistors, this makes a voltodier 
having a i^nMtlvity of 1,000 ohms-per-volt, (s^ Art* 8-**^)* 
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5-9. Combination Testers. Kv. n those who have but little 
knowledge of radio service work realise that the service man most 
have available at all times a number of different t«rt iiutm. 



^ S-17. — ^Th« sehematie etreutt diagram of tho voltH»lun-mUll« 
snunetec shown in Fig. 6-15. A g^wettoo sslsetor switeh makas all 
the necessary (drenit ehamos. 

meats- -a volt-ohm-milliammeter, a set anadFser, a eaj^Mdtgr 
teeter (not essential, b«t cUHdrable), a tuba tMtmr, and tlia nmttf' 
hand tools required for effecting tepiura. latttvkliwl faialm* 
molts are raider untdeldly, so the tnmd iMnr la to aanabiaa M 
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many individual instruments as possible either into a single carry- 


Fio. 5-18.— ‘‘Break- 
down” of the circuit 
of Pig, 6-17 when the 
selector switch is in 
position t — making 
the instrument an 
ohmmeter. 
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ing case or into a single instrument. Such instruments are known 
as combination testers. 

Some manufacturers sell each component as a distinct unit 
— others arrange them into a single case so that they all may be 
carried together or any one removed at will. 


Pio. 6-19. — A com- 
bination testing unit 
incorporating a cir- 
cuit tester having 
voltage, current ana 
resistance ranges, and 
a service test oscilla- 
tor* The circuit dia- 

f ram is shown in 
•igs* 5-20 and 6-21. 
The circuit diagram 
of the test oscijlator 
portion is shown in 
Fig, 17-9, (Philco 
Model 048.) 





5-10. The **Pbilco'' Model 048 Combination Tester. — - 
An interesiang example of a combination tester is the Model 048 
all-purpose tester manufactured by Philco. It has five a-c voltage 
rttngeSy five d-o voltage rang^, three d-c mfihMnmeter ranges. 
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cat : 


three ohmmeter range#, ftw a-o eutpet-meter rang«, a eapHrity' 
tester, a 105 to 2,,0ro ko oscillator, and a liih« af| t>ttll|' 

into a single case, as shown in Fig. 5- If. 

The voltmeter-ohmmeter-mtlliaratiieler neciicitii nf tlie l««|^ 
are of special interest to u» at this time. Tli© cliagmrn of fhltt 
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tion Of this tester Is drawn separatelr in Fig, 


- The oliiawaliir 
i - tl . 


^ ^the ^ U ^tma in Fig. 6-20. The meter b of the 
d-6 with » bmit-in rectifier of the tfo|i]>ttr.uxii{e tyt»«. Oa 
^ ^t-hand idde of tlie diag^ram may be seen the muttittlMV* 
for the a^j voltage ranges, and. on the left, the muitipUei* for the 
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d-c voltage ranges. These connections are perfectly standard 
and therefore require no comment. The d-o terminals of the 
meter also connect to the shunts for the d-c milliammeter ranges, 
and are shown in the upper center part of the diagram. 

The ohmmeter section is re-drawn separately in (A) of Fig. 
5-21. A 250-ohm rheostat is connected directly across the meter 
to provide for zero adjustment. The switch S 1, which is ganged 
to this rheostat, closes the self-contained battery circuit when 
the ohmmeter is to be used. With this closed and with S B open 




FlOt 5-21# — ^A *'breakdown^^ circuit diagram of the ohnmeter 
portimi of the tester shown in Fig. 5-20. 

Circuit arrangement when the 160,000; and 1,600,000-ohin 
imnsm of the ohmmeter are used. 

(B) Circuit arrangement when the 1,500-ohm range la used. 

as shown, the L5-megohm and 150,000-ohm ranges of the ohm- 
mater may be used by merely plugging one tip- jack into the 
proper terminal. However, when the 1500-ohm range is to be 
used, the switch /S B must be closed. If this switch were closed 
all tile time, the 3 volts of the battery would smd ourrent 
through 695 ohms of resistance continuously as long as SI is 
dewed. The circuit of the 1500-ohm range is shown in (B) of the 
figure. The entire 3 volts is connected across 695 oluns of re- 
dstance, but only 20/696, or about 3 % of this voltage is made 
avidlable for this magB of the ohmmeter. 

It dioidd be noted that the resistance to be measiured is 
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oottiaeotad in series with the sliunted meter and the vc»lla..g« 
through but 20 ohms of resistanoe, henet tise amall eaergiiiag 
potential needed. The circuit diagram of the »cill»lcir ^tion of 
this compact but versatile taster will l>© dtscsusi^d in Oiap. ,X¥IL 

5-11- "‘Weston** Combination Tester A»»eiinblf». — A typ- 
ical example of a very complete corubinaiifiii tmtar a -t*rsiMy I* 





*®®* ’i"** cowilytliyt of aoparat* a»!t« ttrtiuii'ti 

®*’??*i*** * volt-ohm-mmi«mmot»r, wt nnitjwi. —■ »— i*~ - 
meter, tube efaedcer, test osciUetor, and miRcellaneous ple^ aad nm^ 


illustra^ Jb F%. 6-23. It owMista of » volt-ohm-milllwam^, 
i*own m the lower left comer of the illuatmtitm; eet anmlyMr. 
shown m the lower centar; a oapaoitjr meter, fat the lowwr rltfbt 
comer; a tube checker in the upper rlRht ecxmer; a taet c»efll«^ 
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in the upper left corner, and various plugs, cables, adapters, etc. 
in the upper center compartment. The entire assembly is in a 
carrying case, but any individual instrument may be removed at 
any time if desired. Such an assembly of test instruments really 
forms a portable test laboratory, and the wide range of tests and 
measurements that can be made with it can easily be appreciated. 

Of course, other less elaborate combinations are available. 
One device has a combination a-c, d-c volt-ohm-milliammeter, 
an output meter and a capacity meter. Still others are only out- 
put meters and capacity meters. There is a tendency to accom- 
plish all a-c testing functions (such as output, voltage and cap- 
acity measurements) by means of one instrument, and to make 
all d-o teste by means of another instrument. But if the d-c 
instrument is equipped with a copper-oxide rectifier, then both 
a-c and d-c measurements may be made with it. 

REVIEW QUESTIONS 

1. (a) State two advantages which ohmmeters possess over other 
forms of resistance measuring instruments. (6) State one 
limitation which ohmmeters possess. 

2. What electrical quantities is a volt-ohm-milliammeter capable 
of meaturkgT 

8. Trace through the Circuit diagram in Fig. 5-8 and break it 
down, drawing separate simplified diagrams showing the circuit 
connections which exist for the following positions of the switch; 
(a) switch in position Jf; (b) switch in position S‘, (o) switch 
in position M (d) switch in position 9. 

4, Explain each circuit dmwn in Question 8, and tell what elec- 
trical quantity the instrument is able to measure in each case. 
6. Trace through the circuit diagram of Fig. 5-12 and explain Just 
what the circuit arrangement is for each ohmmeter range. 
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CONDENSER TESTERS AND CAPACITY METERS. 

<5-1. Tests Required by Condensers . --ModcrB r«Iio receiv- 
ers employ so many condensers of various types and fopucity 
values tlmt it is only natural that every radio service man should 
frequently find it rn'ccssary to check the condition of one or more 
condensers which are sus^pectcd of being the cause of trouble in a 
receiver. All the service man ever needs to find out about a sus- 
pected condenser is: 

1, Whether it is $hort~cirmtU$d. 
i. Whether it is open-ctrotdted. 

S. Whether its Uakag* is excessive. 

4. Whether its ledoage current is abnormal (in the ease of 
electrolytic condensers only.) 
d. Whether its capamty is at nomud vidue. 

Twts for the first four conditions exe probably the most 
common ones made, shaoe these rcprocnt tiie most frequently 
occurring troubles in oond^Mera. These tMts can be made by the 
ohmmeter, but the instruments dMoribed In thie <dMptitf wre pmn 
ferable. A practical detailed dieo<ttsi(m of the fsemral methods 
of making these tests will bo reserved for a later ehaptar (Cfai^p. 
S^I). In the present chapter, we are ktwe^ aittfely fai tito 
inetrumente employed for otmdeiuer twtii^. 

6-2. When Measurement of Capacity ie 
Although it might sewn at first thoc^t ^at ths radio awndee 
man would rarely find it necessary to ehedc the aetuid capacity 
value of a condenser, since all the faetory-built iweivers be «i- 
oQun^ are most tlMy oiuipped with emateMrs of pi^mr 
sise, there really are many occasions upon which it is neeeiMaiy 
for him to make such measurements. 

He may be called upon to eervioe a receiver manufactured 
years ago— possibly by sn obscure manufaotuier who has leed| 

ISO 
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since gone out of business — and find that no capacity values or 
color codes (see RMA Condenser Color Code in Madio Field Ser^ 
vice Data Supplement Book) are marked on the condensers to 
identify their value. A circuit diagram with electrical constants 
may not be available for the set. He can try substituting conden- 
sers of various known values in the circuit in place of the suspected 
condenser, until satisfactory operation of the receiver is obtained, 
but this is often a time-consuming, and rather inaccurate, way of 
solving the difficulty. Ability to quickly test the capacity of the 
condenser proves valuable in cases of this kind — especially 
if the condenser is of the paper-, or mica-insulated type. 

Another instance in which the ability to measure the capacity 
of condensers is valuable is when unmarked condensers of un- 
known value are at hand. These may have been salvaged from 
discarded receivers, bought in a lot for replacement purposes, etc. 

There is still another very important instance — one that is 
not commonly thought of. It is true that the actual capacity 
of a solid-dielectric condenser seldom changes materially when 
in service, but its impedance may. If the condenser happens to 
have a poorly made internal connection or joint, this introduces 
resistance in $erie$ with the flow of current in-and-out of the 
eondeiiser plates. In some instances this condition may become 
prop^essively worse by continued corrosion or oxidation of the 
Joint imd the resistance may finally become high enough to ma- 
teiially alter the effiectiveness of the condenser as a current- 
storage device. Since ^^capacity meters’^ really measure the tm- 
pedance of condensers, the presence of any such high resistance 
in a condenser will be revealed immediately by an abnormally 
high impedance, i.e., by a capacity-meter reading much lower 
than that which would be obtained if the condenser were norinal 
(since the impedance varies inversely with the capacity of a 
condenser, see Art. 6-6). Hence a capacity meter is necessary 
for this particular trouble. 

5-3. Distinction Between ‘‘Condenser Testers*" and “Capa- 
city Meters — ^Before proceeding further with our study of 
instruments for testing condensers, it will be well to point 
out a distinotion in nomenclature, a distinction between 

the terms “capacity- tester"", “condenser tester"", “condenser an- 
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alyaer”, etc., and capacity meter. Strictly speaking, a captwUv 
teeter, condenser tester, or condenser analyser is merely a device 
which telle whether or not a given condenser i« “gtM»d", "leaky”, 
“open” or “shorted”. A capacity meter measures and indicatoi 
the effective capacity in microfarads. The former make puraly 
qxicditative tests, the latter makes a quantitative Uwt which may 
also be interpreted to indicate the qualitative conditions of the 
condenser. This distinction will bo observed in this biH»k and 
should be kept in mind. We will first study a typical condenser 
tester and will then proceed to a study of cnpiu ity meters. 

6-4. Tobe Relaxation-Oscillator Type Condenser Analyaer. 
— The circuit diagram of a very novel instrument for testing the 
condition of condensers (not the capacity) is sliown in Fig. 0-1. 
The complete instrument is shown in the illustration of Fig. 0-2. 
The 110-volt a-o input is stepped up by means of power trans- 
former T, and the output is rectified fay means of a '01 A tube. 
The output voltage appearing across A~B is about 700 volt* d-o. 
The “regulator control” resistor R4 pormita "■plitting*’ of the 
voltage adjustments obtained by tlie various tr^msformor taps 
and switch S4, and also limits current flow in the event of a 
“dead short.” A neon tube having a very low "striking 
(glows with little voltage) is c,oniMvt<‘d in the negative return 
line, as shown. A “fiash-contror' condenser. Cl, and a number 
of resistors are connected by means of the “leakage-enntrol 
switch” 3S across the neon tube. The condenser C, to be tested 
is connected as shown at the right side of the diny;r!un 

Solid dielectric condensers are tested by setting all eontrob 
for maximum voltage, connecting Uie leakage-control switch at 
position S, and the condenser under test as shown. When a |p»od 
condenser is connected at C„ a momentaiy chorging current wlH 
flow, which will also charge Cl to a |>otential hijrfi enough to 
ignite the neon lamp. As soon as C„ is fully clmrgfij. the eunmtt 
stops flowing, condenser Cl will ilwchiirgc throuidt the neon lamp 
until its voltage falls below the value required to keiqp the 
lamp lit; it will then go out. But if C, has a small amount of 
leakage, as represented in the diagram by tite doUed-line te^el- 
anoe R, a small current will continue to ^w, gradually •■imrgmg 
Cl again. When a high enoi^ potaotial is built up. Cl 
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charges through the neon lamp indicator which again flashee. 
As soon as the voltage of Cl falls below the value requircKi to 
keep the lamp ignited, it will again go out. The continued flow 
of current at a slow rate through the leakage path will again 
charge the condenser and the lamp will light again, etc. 



Pig. 6“l.-r-Sch©matic circuit dia|:ram of the relaxation-oscillator 
type condenser analyzer illustrated in Pig. 6-2, 


Hence, a fairly good condenser will manifest itself by alternate 
flashes of the neon lamp, and, in a new, good condenser, the 
flashes of the lamp may be as much as ten minutes apart. The 
lower the resistance of the leakage path (the worse the con- 
denser) the more quickly Cl charges and discharges, and the 
more rapidly the lamp will flash. In this manner the “goodness*^ 
of a condenser may be estimated by the frequency of the flashes. 
Poor condensers may flash several times a second, A chart sup- 
plied with the instrument indicates permissible rate of flash for 
good condensers. The reason for the name ‘^relaxation oscilla- 
tor^' is obvious from the theory of operation of the device. 

For small values of Cm, say from 0.05 mfd. to 50 mfd,, the leak- 
age control switch is set to position Jf. This must be done be- 
cause, for such small capacities, the charging current and leakage 
ouTTwats are too small to charge Ci in an appreciable time. The 
lamp will glow, however, if the condenser is shorted, and it wiU 
fladi on charge and discharge of the condenser. Under ikwwi 
conditions, the device does not operate as a relaxation CMwillatcwr. 
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Shorted condensers of any value and type will be indicated 
by a steady glow of the lamp when the leakage-control awitch 
is set in either positions 1, «, S, 4 or 6, since a steady current now 



<7ourt««]/ 


Fxa* S-2. — Th« r#- 
Imxation 0«4sill«tor typ# 
cond®nii®r mnmlyu*r 
whos0 firm it dlMrrum 
in shown in 


flows directly through the condenser under test and iilaii tlir0iigh 

the neon lamp. A condenser of varying capacity is indicated 
by a change in the flashing rate. Open circuit# are shown by the 
absence of any flash. 

Electrolytic condensers are tested with the Jcakiifti- « 
switch in either positions S, 4 or 5, and the circuit functiooe 
merely as an indicator of high leakage current. The control* 
are set for the rated voltage of the electrolytic condenser under 
test. As soon as the condenser is conncct<‘«l, a charging current 
will flow through the resistor oonneoted by til# Iciikng** i i'i4tr«4 
switch, and the lamp will glow immediately. But in addition to 
the charging current, there will be auper-impoaed the steady our* 
rent due to the inherent leakage of the eleotiolytio condenser. 
This steady current will flow through the ieakags-oontrol re> 
sistors, causing the neon lamp to remain lit until the leakai^ eur» 
rent falls low enough so that the voltt^^ across the resistor i* 
lower than the striking voltage of the lamp. In a good (m- 
denser, the initial current through the dieleotrio wlU be high# 
but will fall as the voltage applied to the condenser Is kept on. 
It should fall suflSoiently for the lamp to remain dark. Too hii^ 
a leakage current will cause the lamp to remain lighted. 

Switch 8», which is ganged to line-switdb Si so that H to 
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closed wiien 8^ is openedj is for the purpose of completing the 
circuit through the rectifier tube so that both condenser and 
the condenser under test will discharge automatically through 
this circuit as soon as the line-switch is flipped to the posi- 
tion, before disconnecting condenser Ca from the tester. This 
eliminates any danger of accidental shook to the service man 
when he removes test clips from the condenser. 

6-5. Simple Condenser Test Methods. — number of other 
simple condenser test methods which reveal “short'’ or “open" 
circuits will be discussed in the section on condenser testing in 
Chapter XXII. These include ohmmeter tests, neon tube tests, 
earphone tests, etc. 

6-‘6* Principle of Operation of Capacity Meters. — A 
simple capacity measuring instrument can be built along the 
same general lines as the ohmmeter (Art. 3-13). In this case, 
however, the reactance of the condenser takes the place of the 
resistance, a-o of a definite frequency is used for voltage supply 

Fig. 6-8. — The fun- 
damental circuit of a 
simple capacity meter. 

The a-c milliammeter 
measures the current 
flowing through the 
condenser circuit. , 

rather than d-o from a battery, and a sensitive a-c meter is 
employed. 

Consider the simple circuit of Fig. 6-3. A condenser whose 
capacity is to be measured is connected in series with a resist- 
ance, an a-o source, and an a-c milliammeter. With points A and 
B shorted, the resistance R is adjusted so that the a-c meter 
(a 0-1 ma. d-c meter with a copper-oxide rectifier is convenient 
for this purpose) reads full scale. When the condenser C# is con- 
nected, its reactance to the fiow of current reduces the current 
mA the meter reading. The amorint of this reduction dep^di 
Upon the amount of “opposition" or “readtanoe" which the ck»- 
dwer offers to the flow of the current throu^ it. 
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The reactance (opposition to a-o current flow) of a coiulfnwer 
may be expressed numerically by tlie expression 

1 

A'„ = q;28XJXC 

Where, Xc = the capacitive reactance (in ohms). 

/ =the frequency of the voltage source {m cycle# ptr 
sec). 

C = the capacity of the condeoaer (in faradi). 

An inspeotion of this formula for capacitive reactance reveals 
that the larger the capacity of the condenser, the loiner m ItM 
reactance; likewise, the emaller the capacity, th© grmaimr m the 
reactance. Hence, in the arrangement of Fig. condim^rt of 
smaller capacity have higher reactance, allow Ic^ cunmit to &iw, 
and so produce lower meter readinp than do thote of lari^ 
capacity. Therefore, since the reading of the meter depends en* 
tirely upon the capacity of tlie condenser, the scale of the 
can be calibrated to indicate the capacity of the condenaer ci- 
rectly, instead of indicating how much cuirent ia flowlni. llmm, 
this simple circuit arrangement can b® for meteiurlng the 
capacity of condensers, i.e., it is a capacity thoui^b 

it is a very simple one. 

6-7. Effect of ** High-resistance’* and **I#eaky** Condea* 
sera on Capacity-mcter Reading.— Supj^cMie a condeawir (wbo»i 
external terminals are A, B) has a high-resislanee joint intern* 
ally, and is eonneotedi to a capacify meter for t^t, m §hmwm at 
(A) of Fig. 6-4. The interna! resistance of the conitn^r Mm 
then, is in series with the condenser, a« riiown. Since the 
of this additional renistancc is to reduce the amoitnt of ©unml 
flowing, it is clear that the meter will Indicate m tlmiigh a 
value of capacity were being mei^ured (a smaller deflation 'wil 
be obtained) , since plus the reactance Cs !• preater Uiaa Uni 
reactance of C# alone. 

On the other hand, if the conden^tr is ‘iesdcy**, this 
path resistance Em is really between th© two of plahw of ib© 
condenser, as shown at (B). Therefore, th# ai«t«r will indltoiili 
as though Cm were greater in capacity tihsun it iwidly li, 
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-Rj, and the reactance of Ca in parallel is less than the reactance 
of Cm alone. 

In both these cases the capacity meter may be considered to 
read condenser impedance, rather than reactance alone. Both of 



Fia. e«4.— <A) What happens when a “higrh-resistance*' conden- 
ser is connected to a capacity meter. The condenser resistance Bm is 
in series with the circuit and reduces the meter deflection. 

(JB) What happens when a ‘^leaky^’ condenser is connected to 
a capacity meter. The leakage jpath Cm allows more than normal 
current to flow through the circuit — resulting in larger than normal 
meter deflection or “capacity’* reading. 

these conditions and their effects on the capacity-meter reading 
should be remembered. 

<5-8. Calibrating Home-constructed Capacity Meters. — 
The calibration of the scale of a home-constructed capacity me- 
ter, by the calculation method, is not as simple as is the calibra- 
tion of an ohmmeter scale. That the calibration of capacity- 
meter scales is quite involved may be seen from the following 
typical case. 

In the circuit arrangement of Fig. 6-3, in order for the meter 
to read 1 ma., M must have a value of 100,000 ohms when A and 
B are short-circuited. For the meter to read half-scale (% ma.) 
the combined impedance of C* and R must be 200,000 ohms. 
Now, in a-c circuits we cannot add the reactance of coils, or con- 
densers, to remtance values arithmetically, the way w© do vdth 
resistances in d-o circuits. The combined opposition to current 
flow, called impedance, of a resistano© and a condenser in series 
is equal to the square root of the sum of the squares of the resist- 
ano© and reactance. Therefore, in this case (200,000) 

X/, where X<, is the reactance of the condenser. If H is 1(W,000 
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ohms, then C, for & half-scale reading works out to be about 
0.00015 mfd. It is evident that the calculation uf the fiipncity 
values by this method would involve considerable conipufiititin 
if the entire scale of a home-made capacity meter were to bo cali- 
brated in this way. This may be avoided by calibrating the 
scale by connecting various condensers of known values at C, 
and noting the reading of the meter in each case. 

6-9. How to Construct a Simple Capacity Meter. — 
Since service men often desire to construct their own test instru- 
I ments, descriptions of two simple but exceedingly useful ••apacity 
meters for liome-conatructiou will bo prowiilofl Iiitc. Tin- flrul 
one is for testing condensers over a range from O.OOl to 3 mfds. 
in two ranges, and can be used to tost all solid-dieleotrio type 
condensers that are within these limits of capacity. In othwr 
words, the meter will teat for capacity practically every paper 
type condenser used in the present-day radio receiver, and will 
also test some of the mica-type oondensers to be found in aueb 
sets. It cannot be used to test electrolytic condensers. These 
may be tested by the special capacity meter described in Art. 
6 - 10 . 

As will be seen from the circuit diagram, the source of voltage 
is the 110- volt 60-oyole a-o line. The meter used is a 0-1 m«. d-o 
milliammeter in conjunction with an external cuppcr-oxtib* reeU- 
fier — or a self-contained 0-1 copper-oxide type a-o milliammeter 
may be employed. 

The theory of this capacity test unit, whose schematio oireuit 
diagram is shown in Fig. 6-6, is the simple one of applying a 
known voltage to the oondenser and measuring the amount of 
current that flows through its circuit. By refening to a. pre- 
viously mad® calibration chart, the value of the capacity may 
be read. When tiie range switch is In either ^e upper or tbs 
lower position, the oirouit oonsists of the volti^te souree, e^> 
denser under teet, milliammotor, and redstor Bl or Ri, aii in 
series with each other. The meter is shunted by nMistesr R8 and 
R4 — depending upon the posiMon of the switch. 

The two variable shunt r«8i8tsmc«i BS and B4 aie employed 
to obtain a full-scale rea<Mng of the metw wlum ^e test bar- 
minals are shorted. They are adfusted as foUowe: wllb the In- 
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strument connected to 110 volts a-c and the range switch in the 
desired position, the high or low zero-adjuster, that has been first 
turned to its lowest resistance valuer is increased slowly with the 
test terminals shorted, until the meter reads full scale. 


RANGE- 0.001 O.I M F. 

SWITCH DOWN 
RANGE»O.I MF.-3 MF, 


COPPER-OXIDE 
RECTIFIER^ n 


0-1 MA. 
D-C 


DOUBLE-POLE 
DOUBLE- THROW 
RANGE SWITCH 



CONDENSER 
UNDER TEST 


II0V.60 . 

! nn 1 A-C LINE ^ 


Fio. 6-5. — Schematic circuit diagram of a capacity meter having 
a range from 0.001 to 8 mfd. This meter tests paper and mica type 
condensers only. 


Resistors Ei or Eg need not be accurate, since the instrument 
must be calibrated by the user after it has been constructed. 
This may be done most easily by connecting various condensers 
of toaown capacities to the instrument and recording the meter 
reading in each case. A calibration graph can be drawn for these 
values, so that the capacities corresponding to these or any inter- 
mediate meter readings may be found easily at any future time. 

6-10. How to Construct a Capacity Meter for Electro- 
lytic Condensers, — ^It is often necessaiy or desirable actually to 
measure the capacity of electrolytic condensers. This problem is 
not BO simple a matter as measuring the capacity of an air dielec- 
tric condenser, or of mica or paper-type condensers. Since the 
capacity meter whose circuit is shown in Fig. 6-6 is simple, do^ 
not require costly apparatus, and measures the capacity of this 
type of condenser acctirately, it is desirable for home construe- 
Um* The circuit and all information pertadning io it .are pre^ 
iwnted here through the courtesy of the Awopm Corpormtion, 
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A complete description of it follows: 

This capacity meter consists essentially of an m-c step-down tmns- 
former developing a secondary voltage of about i-volt«. Acmm ito 
secondary is placed, in series with a switch, a O.t ohm r«*l«tcir to im- 



Pig. e-6. — Schematic circuit diajirram of a capacity »«t«r 
especially to measure the capacity of alectrolj^ic condenaera. Tli« 
design of this meter is such that it may be conatructad aaaily by 
radio service men. 


prove the regulation by providing a load for th# tranaformar to work 
into. The 100-ohm potentiometer permita adjuatmant of th# voltage 
to be applied to the condenser under test. 

The meters are both Weston 1-mllltamper# a«c metara of the 
copper-oxide type, one reading voltage and the other iiilllia.fiip«rMi 
(1.0 ma. full scale). Various shunts are provided for t^uoliig the 
sensitivity of the ammeter for moa-suring coadetwer* of various 
capacities. In measuring large capacities, the loadiiw realstor across 
the secondary of the transformer is rcmovcti to pe'onil sufftetept volt* 
age to be impressed across the capacity. I'hiH is nmmumfy due to Ih# 
poor regulation of the transformer (which may b# the type ordinarily 
used to supply power to light the heaters of i. 8 -volt automotive type 
tubes). 

In practice the voltage across the condenser Is aet at exac^y i.ii 
volts. Then the reading in mtlllmnpvrvn will b# egmed to iks mm- 
denser capacity in ndcrofwrads. 

The following table gives the values of shunting reaislanoe to 
used across the ammeter for various capacity ranges. 


AMMETER SHUNTING EESISTOE8 


Capacity Range 
(M&d.) 

10 

100 

1,000 

10,000 


Shunt Enlist. 
(Ohms.) 

1,140.0 

106.7 

11.56 

1.06 


Capac^^l^ng^ 

S 

80 

800 I 

8,000 ; 


Shunt 

COhii»4 

U1J& 

MM 

BM 

§M 


Total voltmetJer r«slstaii©#— oliiiaii. 
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All the shunts (except the 1.05- and 0.84-ohm units) axe of the vari- 
able type — although they are shown as *'fixed*' resistors in the diagram. 

This test instrument will prove very useful in testing: electrolytic 
condensers of practically any capacity and will grive reasonably accur- 
ate results provided the unit is carefully constructed. Of course, among: 
the most important parts are the shunt resistances across the milli- 
ammeter, for the accuracy obtained will depend almost entirely on how 
carefully these shunt resistors are made. It is desirable that the resist- 
ance of the meter used be measured to determine its resistance, al- 
thougrh for greneral service, shunts of the value indicated will be satis- 
factory. 

One of the advantages of this instrument^ of course, lies in the 
fact that the reading in milliamperea is equal to the capacity 
in mfds* That this is true can be seen from the following. 

The a-c current in amperes flowing through any condenser 
having negligible resistance is equal to 


I = f = 6.28 y: E -X f X c 

2x8-1416X/X:C 


Where, E = Applied a-c voltage (volts) 

f = Frequency in cycles per second 
C = Capacity of the condenser (in farads) 

If the frequency is 60 cycles (that of the ordinary a-c electric light 
circuit), this reduces to 

I = 6.28XJS^X®0XC^ = 877XJS^XC^ 

In terms of mfds. and milliamperes, the current is equal to 

If, now, the scale reading in milliamperes is to be equal to the capacity 
in mfds, 





== 1 


Substituting this in the foregoing equation, we obtain 

1 108 1 , 000 . 

' 877^10-8"" 877 *" 877 ’ 


1 = a77XJ2?XlO“8, or J37 == 


2,65 volts 


The last equation indicates that when the voltage Is equal to 2.66 
volts then the current in milliamperes is equal to the capacity in mfds., 
that is, any reading in millicunvpereB on the meter will he equal to the 
capacity in m/ds. 


This method of measurement is, of course, in error slightly 
due to the fact that the impedance of a condenser is not exactly 
determined by its capacity but is determined by its capacity and 
its internal (series) resistance (see Art. 6-7). However, the arror 
involved is not large and the method therefore is ^aerally satis- 


factory. 


6 - 11 , ''Readrite" No. 850 Capacity Meter-Tester. — ^ThiS 
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simple, interesting instrument, shown in Fig. represiunti a 
typical low-priced commercial capacity meter- tester. It i« a tiiial 
instrument, employing two meters, and is capable of lut-asurixig 
the capacity of solid-dielectric condensers directly^ and t rating 





Fw. 6-7. — A typical inexi>Bn.iiv<‘ cupxusity m*t«r d««ign«cl to 
tiie the capacity of solid-dielectric condensera and to indicate the con- 
dition of electrolytic condensers. Its schematk circuit dlarraina are 
shomi In Figs. 6-8 and 6-8. (Beadrlte Modstl 860.) 

the condition of electrolytic condenBora by uifurntring their leak- 
age current. 

One portion of it ie employed to road, directly, the rji|.ju:iiy 
of paper- or mica-type oondeneera in two ranf^, from O.CNkl to 0.5 
mfd. and from 0.26 to 10 mfd. The circuit diagrKOi of tttii por» 
tion of the inatrument is ahown in Fig. 6-8. It ia evid«»tt that it 
is merely a sample series circuit with the 100-140-volt a-a Ua«> 
supply in series with meter and condeneer C» under twit, so that 
the meter really measures the current flowing in the ruAflettiier 
circuit — which is s function of the capacity of the Ciuidt'iiofi- (Ait. ' 
6-6) . A 100-rolt a«o meter ia uaed in maMng these teata. It fas 
the metm' at the right in Fig. 6-7. Line-voltage variatlona ue 
oompmsated by the adjuetaWe 8/)00-ohm riteos^t. This iheo- 
stat is first adjusted for futl-aoale dtileotion of the imi^r by 
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short-circuiting the two test terminals T-T, The "‘HI'" range is 
obtained by flipping the toggle switch S, This shunts the 2,500- 
ohm resistor across the meter, providing a by-pass for a definite 
proportion of the current. 

Electrolytic condensers are tested by measuring their leakage 
current with the circuit arrangement shown in Tig. 6-9. The me- 


Fiq* 6-8. — Schem- 
atic circuit diagram 
of the portion of the 
capacity meter of 
Pig. 6-7 which is 
used for testing 
solid-dielectric con- 
densers from 0.608 
to 10 mfd* in two 
ranges, and indicat- 
ing their capacity 
directly. 



ter exiiploycd in this case is a 0-25-100 ma. d-c instrument, also 
calibrated for a voltage range of 500 volts* 

The high voltage necessary for the leakage test of electrolytic 
condensers may be obtained in either one of the following inter- 
esting ways with this instrument. 

(1) : They may first be removed from the set and tested with a 
»<mme of voltage supply taken from the plate circuit of a power tube 
In the set. A convenient plate-voltage connection may be made by 
idipping the r&d wire (above the d-c meter, see Figs. 6-7 and 6-9> to 
the power choke circuit, and the black wire (also above the d-c meter) 
to the B-minus of the same plate circuit. The B-terminal is the 
center-tap of the high-voltage secondary and in many sets is grounded 
to the chassis. The condenser is connected to the two tip jacks Just 
below the d-c meter. The tip of the spare red wire Is placed In the 
**positiv6" (4-) j®ck and clipped to the condenser uttode (center ter- 
minal). The spare black wire lead connects in the other jack and is 
clipped to the can of the condenser. This method may be used for 
testing either new or used electrolytic condensers which are irwt already 
Installed in any radio set, or for testing set condensers after they have 
/€rat been removed from the set. 

(2) : To test electrolytic filter condensers witfumt removing thmm 
from the radio mt, the service man may also use the convenient 
method of applying the high-voltage d-c set power (which in this cane 
is already connected to the condenser to be tested). 

To do this, the connection wire to the anodo of the condenser Is 
removed first* This wire should be clipped to the red wire of tihe 
tester (this is the wire with the clip, above the d-c meter). The spare 
red lead is clipped to the anode terminal of the condenser^ putting Its 
tip- jack terminal into the positive (-|-*> tip- jack Just below the dl-c 
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meter. No other coimections are made to the tester, and the other 
two black leads are not used. 

After test voltage is obtained by either of the 
arrsuigenients just described, the actual test of the electrolytlo 
condenser is carried out as follows: (It will prove Inttmoliv# 
for the reader to trace out the complete circuit connectioni for 
each position of the S-section switch). 



Fig. 6-9,-— Schematic circuit diagram of the portim of the 
acity meter of Pig. 6-7 which i« used for ttstlng 
densers by measuring their leakage current. 

First, the S-section selector switch S is placed In the 
position, as shown in the illustration abo^e. ThM mmumlm the »i^r 
directly across the voltage source, with the multiplier rMttetwr 
the 27,000-ohm resistor in -series. The 27,0O0*^h« rhe«tol !• »»fr 
adjusted until the meter rofAds 900 imlta. 

The selector switch Is now placM In the 1^1» 

connects the 200-ohm shunt across the meter, to tttat It now 
a po-ma. range mRliammeter. Tbe voltage souree, S7,§^-«h« 
ststor, meter ^d eondemier under t^t are now al t» mvim* Tito 
forming process wRl stsut with the mater ne^e *»iir iM-iraili 
when the needle recedes to *ero. or n^yr Hem 
lytic condensers which are inoperative or iMtk oadlF wfil f«nMi iwt 
•rly. K, after laavln* It In tL circuit fwm Wto 
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cation of forming can be seen, the condenser is judged to be inopera- 
tive, and no further tests need be made. New electrolytic condensers, 
or those which have been out of use for 2 weeks or more, require about 
15 minutes time to form properly. 

The selector switch is next placed in the “MILL- AMPS" position. 
This puts the 800-ohm shunt across the meter so it now becomes a 
26-ma. milliammeter. Otherwise, the circuit is the same as for the 
*^FORM" position of the switch. The leakage current is now read 
directly on the low-scale of the meter. A good dry electrolyiiic filter 
condenser should show a leakage curent of no more than 0.6 ma. per 
mfd. when tested at its normal operating voltai^re, (see Art. 22-86 in 
Chapter XXII), Either a higher, or a fluctuating, reading indicates 
that the condenser is not normal, and should be replaced. 

It will be well at this point to correct some erroneous ideas con- 
cerning permissible leakage in electrolytic condensers. The limit 
given above (a maximum of 0.6 ma. per mfd. when tested at normal 
operating voltage) represents an average figure. The question of 
how much leakage is permissible in an electrolytic Alter condenser 
depends upon several factors in the design of the receiver. Some 
receivers require much more complete filtration of the plate and 
screen supply voltages than others do, in order to provide operation 
without objectionable hum. In general, receivers which are capable 
of reproducing the low audio frequencies require more perfect filter- 
ing than those which do not. Also in some receivers, the load on 
the rectifier tube and filter chokes is already so great that additional 
load caused by excessive leakage in one of the filter condensers may 
increase the hum greatly. 


No provision has been made on this tester for the possibility 
of the condenser being short-circuited. If a “shorted'^ condenser 
should be connected to the instrument, the meter needle will be 
thrown violently off scale. If this occurs, the selector switch 
should be set at the '^Volts^' position immediately, for protection. 
As such a condenser may cause serious injury to the meter, all 
condensers should first be checked for a possible short-circuit 
with an ohmmeter, before applying the leakage test. 

6-12. “Weston” Model 664 Capacity Meter.— There are 
many types of capacity meters available, some incorporating 
every modern advance known, and enabling very low to very hii^ 
values of condenser capacities to be measured with a satisfactory 
degree of accuracy. 

The instrument now to be described is designed for a wide 
range of capacity and a-o voltage measurements, and is veij 
suitable for the requirements of radio servicing. Through the use 
of a 'Sensitive 250-mioroampere rectifier-type meter, end a selee- 
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^ switch to connect the various multiplier and shunt resistors 
for each range, the following ranges of measurements are possi- 
ble: 0.0001 to 0.02, 0.01 to 0.2, 0.1 to 2, 1 to 20, and 10 to 200 
microfarads: a-c voltmeter ranges of 4, 8, 40, 200, 400, ami 800 
volts, at 1,000 ohms-per-volt. When any of the low a-c voltage 



OouTt9wy WMton EUet, Iiutr. Oorp* 

Pig, 6"10,— a typical commer- 
cial capacity mct<.ir which is d®- 
sijg'ned to mea«\ire a largr® rai^ 
of capacity and a-c volta#®. Its 
schematic circuit diagram Is 
shown in Pig. 6-11. (Weston 
Model 664.) 


ranges are eonneoted { through 
a series eondenser) from the 
plate of an output tube to 
ground, they provide a •#»«!- 
tivo output meter which mu 
be used when aligning the 
tuned stages of a radio re- 
ceiver with an oTOillator, The 
instrument i« illiistratoil In 
Fig, 6-10. Its romph‘f- sehtm- 
atic cirouit diagmiu Is shown 
in Fig, 6-11, and a redueod 
facsimile of its soak is iliown 
in Big. 6-12. In view of the 
extensive service this instru- 
ment is capable of ri^tulering, 
it might well be rompnrrd 
with the Model ^ voll-ohm- 
railiiammeter d^ril^d i a 
Art. 5-8. Since the riieasiirc- 
menti made are fundamtalal, 
the instruments are not likely 
to become obwleti* 


The instrument is first connected in series with suilmble reatol- 
ance to bring it to 4 volts full scale; it Is then shun^ as f«r 

the higher ranges. For measuring electrolytic conieiiwirj* wp in 2m 
mfd., the instrument is adjusted to 100 ma. and at 4 velto 

a-c tapped from the small power transformer. Thia lew value of 
voltaee does not seem to do any damage to electrolytic ai^ 

no polarising voltage Is apparently needed, to ih^Wft In 

6-12, and will he seen to be remarkably unifcitis over a ipi^on of 
its length. 


The high range to 200 microfarads is obtained hy swilcltiitg ft» a 
position marked, 10''; the direct position adjusts the iiistrumiml 
to 10 milliamperes full scale. The positfcn marked^ 10. callhrales the 
instrument to 1 milliampere, stilf maintaining the 4 volts. The ptmi* 
gon marked, ^ 100, removes the shunts so mat the inatrui^nt fuiw- 
tions at % milliampere sensitivity and the IC-volt transforiiier lap la 
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brought into play. The position, - 4 - 1,000, is the highest sensitivity of 
H milliampere and 100 volts. This is used only for small fixed con- 
densers. With this range it will be noted that the center point on the 
scale is 0.004 mfd. The nrst main division is 0.001 mfd. or 1,000 micro- 
microfarads. This is divided into 10 parts so that the first small 



Fig. 6-11. — The schematic circuit diagram of the capacity meter 
Illustrated in Pig. 6-10, Notice the terminals at the right for voltage 
measurements. Its scale is shown in Fig. p^l 2 , 

division is 100 micro-microfarads. A capacity as small as that of an 
ordinary 28-plate tuning condenser gives a readable Indication. 

In general, capacity readings are most accurate when taken be- 
tween 1 and 10 on the microfarad scale, and the range selected is 
chosen with this fact in mind. 

A-C voltages are measured ^ turning the switch to the left to 
the 'position marked ^‘VOLTS.” The test leads are then connected to 
the voltage jacks for the range desired* and the instrument will read 
full scale according to the Jack markings, 

' For the measurement of capacity, the instrument is plugged Into 
any ’convenient 110 -volt OO-cycle a-c outlet. The selector switch i» 
then rotated to the ♦'CHECK:»^ posMon and the ‘TdNE ADJUSTBE^ 
Is varied until l^e meter pointer indicates exactly full seale« T^e 
test leads are then placed in the '^OAPACXTT” Jacks and the selector 
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switch is tariisd to the desired ran^e. The of the con- 

denser bein^ irreater than the short-circuit, the meter indicate |«ie 
than full scale by an amount dependinir on the capacity of the eon- 
denser* Obviously, short-circuSteo condensers wlH indicate “foil acaie^ 
and open-circuited condensers will indicate '*sero*^ 

It is interesting to note that in this instrument the mmnufae- 
txirer applies a low a-c voltage for the measurement of high- 


^^CROFARao® 



Fio. d-12.«-R«dmsed 

facsimile reproduc- 

tion of the icaie 
the capacity imttor 
shown m Fiira. 
and 0“IL tJb» 

fairly uniform dlvl- 
ilon spaetngs. 


capacity electrolytic condensers* It is claims that wfe«i 
an a-c voltage as low as 4 volts is applied to aiaotrolytio conden- 
sers under test, it does not seem to do any damage to thaiii— 
and no polarizing voltage is needed* 


1. 


4. 


7 * 


REVIEW QUESTIONS AND PROBLEMS 
d<mse/^'”*' which may be made on an el^trolytlc filter e#»* 

thr« 

Explain how a jaeasuramaat ot the capacity of a eoltd dieleetrle 

" ”« '• I" •» tot«Si 

XlsLu, • 

(®) • ia a “relaxation oacIllator”T 

(o)* How does it work? 

Can a relaxation oacUlator be used for testins both eleetrolytiie 
and solid-dielectric type condensers t ” 

* rolaxatlon-owillator type eon- 
dsiwer tester when a solid-diclcctric type condenser Is: <£» 
mal; (6) "shorted"; (c) "open"; (d> Cky f 

metere” *** Principle of operation used In most portable eapadi^ 
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9, Explain how you would calibrate the scale of the home-con- 
structed capacity meter described in Art 6-9, telling just what 
size ^%nown’^ condensers you would employ. 

10. Draw three separate circuit diagrams showing the simplified cir- 
cuit which exists in the capacity meter of Pig. 6-9 when the switch 
S is in; (a) the *‘VOLTS” position; (6) the '‘FORM'^ position; 
(c) the ^‘MILL-AMP'^ position. 

11. Explain the operation of the individual circuits drawn in Prob. 10. 



CHAPTER VII 


OUTPUT METERS & VACUUM-TUBE VOLTMETERS 

7-1. Why Output Meters are Needed. — Wlien making 
certain adjustments or tests upon radio receiver anti anjplifiera, 
it is often necessary to know exactly how much output Uie re- 
ceiver, or amplifier, is producing — that is, a qmntitatw$ indica- 
tion of the output is required. Possibly tlie most connnon in- 
stance of this occurs during the alignment of the tuned stagim 
of t-r-f and superheterodyne receivers (see Chapters XXIV tad 
XXV). In this work, the person doing the alipiing changea the 
settings of the trimmer adjustments one at a time, in the proper 
sequence, stopping in each case when the receiver output has 
been brought up to a maximum value (“peaked”) . Nattirally, he 
must have some accurate way of telling when the receiver output 
is maximum, so that be can leave the trimmer adjuatm^t fixed 
at this point. 

At first thought, one might suppose that it would be possible 
to judge accurately just when the output of a receiver, or m 
amplifier, has been brought up to the maximum value, aimply by 
listening to the sound issuing from the loudspeaker, as shown In 
Fig. 7-1, and judging by ear when it is loudwt. While it is pos- 
sible to do this, the results are not very accurate, for the simple 
reason that the human ear cannot accurately detect smidl 
changes in the loudness of a sound. Because of this, it is ptMMible 
to vary considerably the settinpi of the individual “hdmmer” ad- 
justments on most reodivers before any notficimble change leeulti 
in the loudness of the sound from the loudi^peak«r. Obidoosly, 
this would not produce very aoeurate alignmeni What is iwed- 
ed is some sensitive meter ot indioidkg devioe (as ihoim hi Hg. 
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7-2), which will produce an easily detectable change in reading 
for very small changes in receiver output. Several forms of in- 
struments of this kind have been developed, and will be studied. 
All of them come under the general heading of ‘^output meters’’. 



OBSERVER 


RECEIVER 


Pig. 7-1.— The 
method of Judging the 
intensity of the output 
of a radio receiver or 
amplifier. This is an 
inaccurate method, for 
the human ear is rela- 
tively insensitive to 
small changes in the 
loudness of a sound. 


They really indicate the signal voltage output of the receiver or 
amplifier to which they are connected. 

Output meters find another very important use in public 
address systems where they are employed to indicate the output 
of the amplifiers so that the operator may maintain the output 
constant at some desired level during operation. When used for 


Pm. 7-2.— Judging 
the intensity of the 
output accurately by 
means of a suitable 
form of ^'output 
meter'^ 






ivV t V.w-J 1 i'l 





OUTPUT 

METER 

s 


RECEIVER 


this purpose, their scales are calibrated in ^'decibels”, and they 
are often called **power level meters” (see Fig. 7-5). 

7-2* Choice of Instrument for **Meter-type” Output 
Meters. — Since the purpose of an output meter is merely to meas- 
ure or indicate voltage, it is natural that we should expect to use 
a voltage-measuring meter for this purpose. Indeed, **meter- 
type” output meters form the most common class of output me- 
ters used by radio service men."*^ We shall first study their c<m- 
struotion, before considering such other forms as crystal-detector 

♦Notsu Another important form of output Imfioator*- the' 
ode-ray OscsiUoscope. will be described in dAail in the last half 
Chapter 3KXV. This gives a vimal plotwre of the receiver omtpot. 
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output meters, tube-rectifier type output meters, vacuum-tu^ 
voltmeters and cathode-ray oscilloscopes (see Chapter XXV). 

Since the voltage to be measured in the output circuit of an 
audio amplifier, or radio receiver, consists of rapid pulsations at 
audio frequencies, an ordinary d-c meter cannot be utili»ed (»©e 
Art. 2-26) . The movable-iron type a-c voltmeter is also unauited 
for this purpose, because the voltages and power invoivocl are 
of quite small magnitude and this type of meter would absorb m 
comparatively large proportion (see Art. 2-2S) of the small 
power available, since too much current is recpnred for the opera- 
tion of the meter in this type 
of circuit. In addition, the 
low-frequency moval>le-iron 
type a«e meter cannot be em- 
ployed to accurately mmmum 
voltages whose fr#queneii« lit 
in the audio ranpi; furyitr- 
more, its low-resistance uaual- 
ly disturbs, apprinnably, teit 
total rasieiance of the circuit 
to which it is connected. 

It is npparoni that the out- 
put meter must not only 
capable of accurately moaii- 
uring audio-frsqiuettcy a^-o 
voltages, but must consume 
very little cunmt it^f. To 
meet th«a retiuirctncnte* the 
‘‘meter typt*‘ of mitput mtlwr 
employs a copp«r-«^dt 
tifier-type a-c voltmeter. This type of voltoa^«r, m 
plained in Arts. 2-30 and 2-33, retains the advantef* of a 
tive d-c movable-coil instrument for measuring low a-c voIte*Mi 
and currents (such as are presant in radio recriv«r on^ait 
by employing a copper-oxide type rectifier to ,iwMfy tee a-o, md 
measuring the resulting rectified current wite a amiiltive mov- 
able-coil type d-c meter whose energy consumption is vary low* 

7-3. Typical “Meter-type" Output The pws* 



OowrUay Wtion JSUct, XnHr, O^trp, 


Fio. 7-8. — A typical **meter 
type'^ output meter. Its circuit 
diagram is shown in Fig. 7-4* 
(Weston Model 571.) 
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struction of **meter-type” output meters is so simple, that all the 
knowledge we need to have about them can be gained from a 
study of the circuit diagrams and descriptions of the following 
typical commercial copper-oxide type meters of this kind. Be- 



PiG. 7-4. — The schematic circuit diagram of the output meter 
illustrated in Fig# 7-8. Five voltage ranj^s may be selected by the 
knob which controls the selector switch o. The impedance remains 
constant at 4,000 ohms. 

sides these separate units, output meters are built-in as integjal 
parts of some commercial test oscillators and set analy^rs. 

Weston Model 571 Output Meter: This instrument con- 
sists essentially of a five-range copper-oxide rectifier- type volt- 
meter enclosed in a bakelite case, as shown in Fig. 7-S. Its cir- 
cuit diagram is shown in Fig. 7-4*.- Voltage rangas of 1.5, 6, 16, 
60, and 160 volts are obtained by the dual-selector switch 8 * 
As one side of this switch connects less and less resistance in 
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shunt with tlie instrument movement and rectifier unit to pro- 
vide the higher voltage ranges, the other side simultaiieouoly, and 
automatically, adds the proper amount of resistance in lerta# 
with the instrument. These shunt and aeries reikianee atcpa are 
so proportioned, that the total impedance of the meter I between 
terminals B and C) remains constant at 4,000 ohms, no matter 
which range of the instrument is being used. All the rc.-iNf iuiccs 
are non-inductively wound. 



Thus, the cianplctc cnitpiit 
meter presents a constant non- 
inductive loud of 4,0W olirii* 
to any circuit to which it may 
be connected, regardlens of 
which voltage range is lioing 
used. 

Since the impedunc** of th# 


instrument Is constant for all 


ranges, and the output voltage 
is measured and Indicated on 
the scale directly, It is an easy 
matter to calculate the actual 


aowrte»V W^Hon MUei. Imtr, Oerp. pOWeV OUtpUt of th© rilcliO JOft- 


Fig. 7-6. A typical power 
level meter and voltmeter. The 
scale is calibrated to read the 
voltage, and also the power level 
in decibels. Its schematic cir- 
cuit diagram is shown in Pig. 
7-7. {Weston Model 696.) 


ceiver or ampliier to which 
the output meter may tic con- 
nected. Since the meter pro- 
sent! a constant non-lnciuctivt 
load of 4,CKW ohnriii, w# have; 


P =z E X i = E X 

E E 

where P=sspower in watts. 

^rs: voltage reading on the meter. 


4,^0 


This simple method of calculating the power it often vtiy c«a- 

venient, 

As will be seen, from Fig. 7-4, 1*« meter ie nieo provided 
with a self-contained 2-mfd. condeoaer, which eutomatieiiUy 
connects in series with the circuit when terminate A-C are um**!. 
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The use of this condeuser will be explained in Art, 7-5 when the 
methods of connecting output meters are considered. 

Weston Model 695 Power I^evel Meter and Voltmeter: 
This instrument, shown in Fig. 7-5, is a combined voltmeter and 


Fio. 7-6. — Facsimile 
reproduction of the 
multi-range volta^ and 
decibel scale of the 
meter illustrated in 
Fig. 7-5. 



output meter designed especially for p)ower level measurements 
on both radio receivers and sound amplifier equipment when 
the readings are desired in decibels. Its schematic circuit dia- 



UNIT 


Fio. 7-7. — The schematic circuit diagimm of the power level meter 
illustrated in Pig. 7-7. 

gram is shown in Fig. 7-7. A facsimile of its multi-range scale 
is reproduced in Fig. 7-6. 

An inspection of the circuit diagram shows that the meter 
opnaists essmtlally of a copper-oside rectifier-type muWpie- 
range voltmeter. It provides voltage ranges of U, 0, 16, 60 and 
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150 volts snd — — 4, 0, *4-4> -|-16i -f-SPO, 

+28 and +32 decibels, selected by means of a marked dial* 
switch. Its resistance is 2,667 olmis-per-voH, or 4,0W ohma folot 
on its lowest range, and 400,000 ohms total on its highest riWQ,gt 
when used as a voltmeter. 

As a power level meter, the instrument, which is brid^d 
across the load, is calibrated to read directly the fiower level in 
decibels above or below 6 milliwatts for a 500-ohm load—or a 
total spread of 56 DB. A chart on the back of tlie iiwtruinent 
is furnished to give the corrections to be made to the deeiW 
readings if loads of any resistance from 5 to 50,000 cihm* art 
used, considering 6 milliwatts as the £ero power level. All of 
the resistances in the meter are non-inductiveiy wound. 

7-4, Uses for Output-Meters. — • Since the copper-oxide 
meter type output meter is accurate over the usual raa|^ of 
audio frequencies, it is very useful for measuring the sipial volt- 
age output; computing the power output of radio reeeivera; de- 
termining the gain or amplification when ‘lining up**, “neutralla- 
ing” or “aligning** the r-f or i-f stages of radio receivem; com- 
paring the amplification produced by several radio tub«; meiui- 
uring the comparative selectivity of r-f tuners; determining 
amplification produced by an amplifier or radio receiver wheo a 
known calibrated input voltage is applied to Whe input of ttwi 
amplifier or receiver; observing the period or per cent of tmiMgi 
to set or keep the volume of public addrew or sound prujfcClon 
equipment at an approximately constant level, etc. Of couiw, ^bm 
output meters which have their scales calibrateii directly in 
decibels instead of volts have a distinct advanta^ in 
level measurements. 


7-5, How to Connect ‘‘Meter-type*’ Output Meters. — 
In order to use a “meter-type** output meter for ladicaMng ^ 
signal output when making adjustmmts or m rs^o 

receiver, the output meter may be connoeted to i^elv«r in 
any one of several ways, depmding upon the type of 
stage and the type of loud speaker in the r^eiver. Sidh of ^ 


various common arrangements will be Ciwyridwdi in turn, 

CI)« Single-tnlie Output Stage Eeedlteg DynaitlB ftsMiiMrt Wliaiftii 
a d^mamlc Speyer is employed, there are two ccnmicii OTfS^^rramee* 
ments: either the receiver uses a single-lube er 1^ ffte t, 
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output tubes in pusb-pulL The single-tube output arrangement will 
be considered first. 

Perhaps the most convenient place to connect the output meter, 
in this case, is directly across the terminals of either the voice coil or 
the secondary terminals of the output transformer (whichever are 
most accessible). However, this arrangement will give a rather low 
reading on the output meter, and changes in output signal voltage are 
not easily noted. 

A much greater deflection may be obtained by connecting the out- 
put meter from the “plate” terminal of the output tube to “^ound”, 
in series with a condenser, as shown in Pig. 7-8. The deflection will 



GROUND TO 
CHASSIS 



SERIES CONO, 
CUNLESS ONE IS 
^ _ IN CORPORATED IN 

OUTPUT METER> 


I^YNAMIC^ 

SPEAKER 


Pio. 7-8. — How an output meter may be connected to a receiver 
which employs a single-tube power output stage and a dynamic loud 
speaker. 

be almost 20 times as large as when it is connected across a low-lm- 
pedanee voice coil. (The exact increase depends upon the ratio of 
the output transformer windings). The series condenser, which may 
be of any value between about 0,1 mfd. and 2 mfd., prevents direct 
current from flowing through the output meter, and permits only the 
altwoatlng, or pulsating, component of the signal voltage to be lamm^ 
ur^ Most commercial output meters already contain a bullt-lti 
senes condenser (see Fig. 7-4) for this mode of application. 

The connection of Fig. 7-8 may be made by turning the receiver 
chassis upside dowm and connecting a wire from the output meter to 
the “plate” terminal of the power tube socket. Instead of disturbing 
the chassis, an ordinary “plate-lead adapter” may be utilised to ms^ 
connection to the “plate” prong of the power tube. In this case, the 
power tube is first removed from its socket, and the tube prongs sure 
placed into this adapter — the lead of which is connecsted to one ter- 
minal of the output meter. Now the tube (with the adapter on) Is 
inserted back into its socket. Then the other terminal of the mxtput 
meter is connected properly. The circuit connections are again to# 
same as shown in Fig. 7-8. 

<2). Fush-pull Output Stage Feeding Dynamic Sp«sker: In the 
case of receivers emplopng a push-pull output stage, the output me- 
ter' may be conneeted directly across the terminals of 'tibe imbe 
or the secondary terminals ox the output transformer (whichever are 
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most accessible) , as shown in Pig". 7-9, However^ m explained in 
previous section, this arrangement will give a rather low reading on 
the output meter and changes in the output signal voltage are not 
easily noted, 

The output meter may also be connected acrosa the ter- 

minals of both output tubes, by slipping a **plate-lead** adapter O'ver 



Fig. 7-9, — One possible way of connecting an oul^nt meter wh«Bi 
the receiver employs a push-pull output stage. Tfia arrangement 
shown in Pig. 7-10 is preferable to this one, however. 

the ''plate’' pins of each of the push-pull tubes, but the deHeetton will 
not be very great. 

A much greater deflection will be obtalMd by eonneetlng tlie 
output meter from the "plate” terminal of either of the output 
to ''ground” through the series condenser (which may already he 
incorporated in the output meter), as shown In F%. t-iO, 



POWER TUBE3 

SERtM 
CONO. 




OUTPUT 
. METER 


OUTPUT 

TR^^rORMER 


-5 


B-f 


. TO VOICE 

‘COIL or 
DYNAMIC , 

ri^U'iriM 


GROUNO TO CHASSta 


Wm. 

able wi^ of 
mg a» wm^ 

wi«n Ihi r^vealver 
employa a push*pyl! 
oufpul alai^ 


indicattons ^ on mMivaM in whltfc m 

single-tube ouf^put stage fee<ii directly tifl^ a mm loudl 

coupling device 

should 1 m connixstad directly across 
the terminals of the spealcer, as shown in Fig. 7-11, This is per- 
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missibla since the ma^etic speaker usually has a higrh impedance — 
around 4,000 ohms« 

(4)* Sini^le-tube Output Feeding Magnetic Speaker Threugli 
Coupler: In many receivers in whi^ magnetic speakers are em- 
ployed, a coupling device, -which may be in the form of an output 
transformer, or a choke-condenser filter, is connected between the out- 


Pig, T-11- — How 
an output meter 
should be connected 
in cases where a 
single power output 
tute feeds a mag- 
netic speaker witn- 
out a coupling device 
between theno. 



put tube and the magnetic speaker, to prevent the direct plate current 
from passing throu^ the mndings of the speaker. In cases of this 
kincL It is best to connect the output meter (in series -with its 2-mfd. 
blocking condenser), from the ‘'plate*' terminal of the output tube to 
‘*gTound*^ The arrangement to be employed when an output trans- 
former is used in the receiver is shown at (A) in Fig. 7-12. When 
the receiver has a choke-condenser speaker filter, the arrangement 
shown at (B) is used. 

(6>. Push-pull Output Stage Feeding Magnetic Type Speaker: 
When a receiver has a push-pull output stage feeding into a magnetic 



Fig. 7-12. — (A)* How an output meter should be connected In 
a receiver having a single output tube feeding into a magnetite 
speaker through an output transformer. 

(B)* How the output meter should be connected if the reotlver 
employs a condenser type output filter. 

speaker, the output meter should be connected in the same way as wm 
recommended for case (2), see Fig. 7-10. 

Loud Speaker Ck^lor Code: In order to faclll1»1» Ihe timrfKye c< 
connections to dynamic speakers in receivers employing Ihe 
standard dynamic speaker color code^ this color code shOtM he studied. 
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It will be fouad in the author % Radio Troubl»Skmt«r*9 Mamdbooit^ 
Most meter-type output meters are made with a coiistaat im^ 
pedauce of 4,000 ohms because the standard loud speaker (or out-* 
put transformer primary impedance when the si>eaker Is eon-, 
nected across the secondary), is the radio receiver output imped- 
ance during normal operation, and is also approximatt!ly 4,000 
ohms in many cases. 

In cases where the required output impedance of the tul» 
is greater than 4,000 ohms, additional resistance should l>i con- 
nected in series with the output meter in order to bring the total 
load impedance to that required by the tube* Thus, a certain 
tube may require 7,000 ohms load; then 3,000 ohms must be 
connected in series with the output meter. 

7-6. Crystal-detector Output Meters* So fsur m 
audio output comparative measurements which he may make mm 
concerned, the radio service man is interested In the mlaiw$ out- 
put signal intensity rather than in the exact numencal valui» of 
voltage or power output. For this type of work, it k not really 
essential that the output meter be of the calibrated, c»>pp«‘r-t»?ddc 
rectifier type, although a numerical calibration i« conveniont 
It is possible to construct a fairly good, inexpeuHive indicaliiig 
instrument, to be used as an output meter for determining arM- 
trary values or changes in signal voltage during etc., 






CRYSTAL 

DSlTECTOR 


terminals 


I 


0-1 MA. ^ 
0-C-^ I 
milliammctcr 


Fio* 7-13,— A simple oelpal 
meter eonftinttng of a enwlbd 
detector and a 5-1 d-c mlllSawi- 
meter. 


by connecting a 0-1 ma. d-o milliammeter in mrim fddb a cryirtiyi 

detector, preferably of the "fixed” carborundum type, m rtown 
in Fig. 7-13. The crystal detector reotifles the a-e so ib* 
ctirrent flowing through the d-o meter is uaidireoWonal. 

The terminals of the combination may be oonneotod dinM% 
across the voice ooil of the dynamic speaker in the looeiver, or 
across the secondary winding of the output trsnsfonniff (see Fig. 
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7-9)* When it is possible to disconnect the output transformer, 
or where the loud speaker is of the magnetic type, the crystal- 
detector output meter may be coupled to the output circuit of the 
receiver, as shown in Fig. 7-14, by means of its own coupling 
transformer, to prevent excessive current from damaging the 



Pio. 7-14. — A coupling transformer and current-limiting resistor 
have been added to the simple crystal detector output meter of Fig- 
7-18. A break-in adapter is used to break into the plate circuit of 
the output tube of the receiver. 

crystal. A 1,000-ohm rheostat is shown shunted across the sec- 
ondary of the transformer, to keep the signal indications within 
the range of the meter — preferably near the center of the scale. 

By employing a ^^plate circuit break-in adapter^^ neither 
the output transformer nor magnetic speaker wires need be dis- 
turbed. The output tube, or one of the push-pull output tubes, 
is removed from its socket and placed into the adapter which 
has been inserted into the tube socket. The terminals of the 
instmmmt are connected to the adapter terminals, as shown. 
The crystal rectifies the a-o signal voltage present in the second- 
ary circuit of the transformer, just as it rectifies a radio irignal, 
so that the current flowing through the d-o meter is tmidirec- 
tional and will cause the d-c meter to read ^'average^^ values. 

Another ciystal-deteotor output meter arrangement is shown 
in Fig. 7-15. Here, a 0-1 ma. d-o milliammeter is employed as a 
1,000 ohms-per-volt voltmeter (by means of the series mulripliw 
resistors) with ranges of 1, and 5 volts. 

Although the crystal-detector type output meter is compara- 
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tively simple and inexpensive to construct, several dsiadvantag^i 
are encountered because of the inherent characteristJes of the 
crystal. The varying sensitivity of the crystal makes frequent 
adjustments necessary, which interferes with stable operation. 
This instability prevents the instrument from maintuining lbi 



Fig. 7-16. — A crystal detector type output la^ter In which a 0-1 
dl*c milliainmeter is employed as a low-rang# d-o volteieter. 

calibration for any ax)prc(}iable length of time. novvi‘Vfr, dwiplle 
the fact that the crystal contact is liable to oxidise at relaUvaly 
low current values and is generally unstable, tlili type of outpul 
meter is more than satisfactory when used to Indlcati whm m 
output is maximum, or changing, etc. 

7-7. A Tube-Rectifier Type Output Meter. ~ The out* 
put meters discussed thus far have made nm of the 
action of the copper-oxide disO' rectifier imd the erythil detMtw» 
so that a sensitive d-c milliammeter could be employed for wamm>^ 
uring the low output signal voltage of a radio reoeiver or unapM* 
her. A third method utilises the rectifying abilly of m 
element vacuum tube, connected in a oircuit widh a ma. d**# 
milliammeter, as shown bn Pig. 7-16. 

In this case, the milliammeto i^ads the mmm% iwUfiidI 
the tube, which functions as a two-elm«it 'The lOMiit 

deflection oaus'td by the rectified current dep« 0 idto upwi tihe W 9 im 
of signal voltage imprs'ssed upon the t«rmin«d« A-B ^ 
ment. The purpose of the filam^t rh^^bit Jii !• ho 
output indications wittiln the range of the meter ^ale* Tlte varf-* 
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able resistance Rg provides a control against overload, and serves 
to increase the voltage-measuring capacity of the device. 

To obtain greater output signal indications, the instrument 
may be connected directly in the plate circuit of an output tube 
in the receiver or amplifier under test, through the use of a 


Fio. 7-16.— A sim- 
ple tube- rectifier 
type of output meter. 



‘Opiate circuit break-in adapter as shown in Fig- 7-17, instead 
of across the voice coil or output transformer secondary winding 
of the dynamic speaker in the receiver. 

Because of its stability, the tube-rectifier type output meter 



Wtm* 7-17.— A tube rectifier type output meter connected into tb* 
plate circuit of one of the output trubea of a receiver or amplifier by 
means of a break-in adapter. 


lends itself more readily to more accurate' calibration than the 
crystal detector type. Calibrations may be made by applying 
known a-o voltages across the input terminals. It is wise 
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to check the filament voltage by means of a .srpnrati* or biiill-ln 
voltmeter to be certain that it is the same at all iiinca. Any 
change in filament voltage will shift the calibriition of the m- 
stmment, the amount of shift depending tiptm the fiiiMiiint of 
change in filament voltage, 

7-8. A Neon-Tube Type Output Indicator.— Both the cir- 
cuit diagram and an ilhistration of an unusual type of tuitpiit 
indicator designed especially to furnish a visual indiciitiofi of the 
relative output of a receiver when its tune^l stages are Iwing 
aligned, are shown in Fig. 7-18. This instrument, whirh is eoin- 
pact and portable, consists of a tappeel step-up iransformor T| 
having a ratio of 80 to 1, a potentiometer lit, a neon glow liinip 
and three binding posts for (•<»rintM‘ting ilie transforrm^r to tli© 
output of the receiver. Three inptit impedances, (h6-ohiii frciia 





fn 


> 


Fig. <L#/t). Aa autput indl* 

eator which cmployi a nMia flow latiip 
to giv% a visual indicaticn of rrt*r»v«-r 
output. (EGA Victor Typ® TMV' 4 iM-A 4 

(Bight). The circuit diagram of tlite 

instrument. 


H to L, 1.6-ohms from 0 to jL and 4-ohm« from O to H, are 
available. These make it possible to match the iiiii»ttlHnr»r of 
the instrument to the impedance of ttio voioe-eoil winding of 
the speaker transformers in most reoeiven which employ dy- 
namic speakers. 

The signal voltage fed to the primary of dranaformer Tt 
by the receiver is stepped up by the transformer. Any fraetiooal 
part, or all, of this voltage may bo selwjted by tire poi«mdom«ter 
and applied to the neon lamp. Since ite biightoen vsariee with 
the applied voltage, it servos as a visual indieator of the ipSathre 
output signal strength of the receiver. The idow lamp. wiii<^ 
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has a ^‘striking^' voltage of 60-60 volts, is very sensitive, follow- 
ing variations in signal frequency and intensity. Naturally, this 
provides a very sensitive indicator for adjusting ^‘trimmer” 
capacitors to their optimum position. 

The instrument is used by connecting it directly across the 
voice-coil winding of the loud speaker transformer — either with 
the voice-coil connected or disconnected. 

^ 7-9. The Vacuum-Tube Voltmeter. — A vacuum-tube 

voltmeter is a type of voltmeter which employs one or more vac- 
uum tubes for measuring voltages applied to its terminals. The 
two most important characteristics which make the vacuum-tube 
voltmeter extremely useful in radio service work are: 

i. When properly designed and constructed, a V.T. volt- 
meter can be calibrated at 60 cycles and used there- 
after at all frequencies from aijproximately 40 cycles 
up through the standard receiver short-wave ranges^ 

If the V.T. voltmeter is built without a resistance-type 
voltage divider in its input circuit, it presents practic- 
ally an infinite resistance across the circuit whose volt- 
age is to be measured. It may therefore be considered 
to have practically infinite ohms-per-volt sensitivity 
and consumes practically no current from the circuit 
under test. 

The first characteristic makes the v-t voltmeter particularly 
useful for measuring the gain-per-stage (or overall gain) of either 
the r-f, i-f, or a-f amplifiers of receivers, because it will register 
correctly on any of these frequencies- Intermittent operation, 
poor aliffiment, etc., of each individual r-f or i-f stage may also 
be checked. 

The second characteristic makes the V.T. voltmeter especially 
useful for checking the voltages in avo circuits — as we shall Bm 
in Art. 7-13. 

7-10. Principle of Operation of the V. T. Voltmeter. — 
The principle of operation of one common form of V-T. volkneter 
is similar to that of the three-element ‘^biased detector^* so wide- 
ly used in modem radio receivers, and is as follows: 

The voltage to be measured is applied across the ^dd-eatiiotls 
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of the tube, which is biased like a detector (see Fig. 

The poHidve excursions of the applied voltage ca««e the iilate 
cur«nt to increase, whereas the negative excuMiont cause it to 
decrease because of the curvature of the Eg— Ip chsracterityo 
of the tube. The result is that the hot value of the d-o plate 
current changes by an amount which is a naeasure of the voltage 
being measured. This plate current change is read upon m mil- 
liammeter in the plate circuit. The milllammeter may li© oali- 
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illastrafeliit the aetfoa 
talcing pu^cc in oncf of vncuiim4.tiht* 
meter. The tuba Is biaMd to lt« **mt^a** ,jpol«C 
Tna volmga to be mt*a.nunHl ii* Imio'rfiyird 
the grid circuit {imjo Vm. 7-2C». Th*t tthsti 
current change It i>rtHlua*s < |w 

maMs of a by-passed c*.*m»ffct«S 

in the plate circuit) is a ut this 

voltage^ 


brated directly to read the voltage being maaatjur^. plalo 
circuit milliammeter must be thoroughly by-p««^ to eM In©- 
tuating currente (see Tig. 7-21)* 

The behavior of a V.T* voltmeter deiwadb 
ly which part of the tube oharaet^Mo Is m ile mmmi 

operating point. If the gdd bias and plale voll^ em 
that the plate current is allowed to flow omilhciiioiniyi fh# 
m plate current is very ne«Iy inoporttmal to the square o/ ^ 
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effective valvs oj the voltage being measured. If the grid bias 
is such that the tube operates substantially at the cut-off point 
(see Fig, 7-19), the negative half cycles are entirely suppressed 
and the change in plate current will be very nearly proportional 
to the effective value of the positive half cycles. If the grid bias 
is still more negative, the change in plate current is determined 


Pig. 7-20.— Circuit 
diagram of a aimple 
vacuum-tube v o 1 1- 
roeter. 



by the peaks of the positive half cycles, and what is substantially 
a pehk voltmeter results. 

7-11. How to Construct a V.T. Voltmeter. — ^In order to 
be suitable for measurements in radio service work, a V.T. volt- 
meter should meet several important requirements: firsts it should 
be able to measure both low and fairly high voltages; second^ it 
should be rugged; thirds it should be portable; fourth, it should 
be economical to operate (line operation is desirable) ; and fifth, 
its oalibration should hold over reasonably long periods of time. 

A practical instrument that meets most of the above requhre- 
ments is shown diagrammatically in Fig. 7-21, It consishs of 
a ^0 tube coimeoted in the simple circuit shown. The 2- 
volte applied to the filament must be maintained by adjusting 
the ^0-ohm filament resistor. The plate circuit has a resistor of 
about 9000 ohms (see below) in series with a 0-2 ma. metw. TTie 
grid bias is about 4.5 volts negative, which may be obtained firom 
a standard battery. The drain from the supply is never more 
than 2 ma., hence small batteries may be us^ to advantage. 
Switch 1 is used to shut the *'A” battery oft and turn It on; 
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<817-^ controls the equivalent of a voltmeter multiplier (to be ex- 
plained) ; and <SPF-S. short-circuits a small fixed condenser* 

This voltmeter, with the switch jSPF-f at position f, mmt be 
adjusted so that the plate meter reads full scale when the grid 
voltage is zero; the adjustment being made by varying the »iie 
of the plate resistor (it is shown here as 9000 ohms, but values m 
high as 13,00 ohms are necessary in some eases) and keeping the 
tap switch at position 7. 

After the meter has been adjusted for full-scale refilling 
with the tap-switch in position 7, it will likely be fcnincl that it 
does not read exactly zero for any other position of the switch, 
(when no voltage is applied to the “INTUT*' torminala)* 
This small residual current always flows and may be **liiick€d 
out” if desired. However, for the general run of atsrvicc! work, 
it is not necessary to do this. The adjustment btiemncs coiiipli- 
cated and has little significance, except for accurate work. If 
the zero reading is very small» — about a division or two— ihii mm 
setting of the meter may be changed to bring the rending to «ero. 

The maximum voltage that may be applied to, the 
^finput” terminals of this voltmeter is 22.5 volts peafc, for, by 
means of the potentiometer shown, a known fraction of ttie inpiil 
voltage may be applied to the grid of the tube. For initanee, 
with the tap on position 4, only 2/5, or 0.4, of the **in|mt** vollaip 
is actually applied to the tube. For any poiltioa of the poteaMo* 
meter tap, the meter reading must be multiplied by a definite 
'^multiplying factor”. These factors are: 

Tap Multiplying Factor 

1 1.00 

2 L25 

3 1,66 

4 2.50 

6 5.00 

This means that the peak value of the maximuin volley 
that may be read is 22.5 volts a-c, or 22.5 volte d-«. ranf» 
naay be extended further to almc^ any wcteal by ctitploying m 
different suitable potentiometer anangem«it. 

The input resistance of the voltaneter ie 1 TMi 
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value may not be sufficiently high to prevent disturbing all avc 
circuits to which it may be connected in service work. The im- 
pedance is constant for any position of the potentiometer. 

7-12, Calibrating the V.T. Voltmeter. — Calibration of 
the voltmeter described in Art. 7-11 may be effected by the sim- 
ple arrangement shown in Fig. 7-22. A small 6- or 10-volt battery 



Fia. 7-21. — Schematic circuit diagram of an easily constructed 
V.T. voltmeter for use by radio service men. 

B is connected to a reversing switch, as shown. The switch con- 
nects to a potentiometer P having a value of about 1,000 ohms, 
and a d-o voltmeter capable of reading the voltage of B is con- 
nected from the arm of the potentiometer to one end. The two 
terminals of this arrangement (with the d-c voltmeter) are then 
connected to the input terminals of the V.T. voltmeter. 

The arm of P is set for, say, a 0.26-volt reading on V; the 
arm of the potentiometer in the V.T. voltmeter is set on position 
1; is closed; and the plate meter reading noted. The 

reversing switch is thrown to the other side and the readhag of 
the plate meter again noted. These two readings are subtract- 
ed, and the difference is to be taken as the reading of the plate 
meter for an input peak voltage of 0,25. The same procedure is 
followed for input voltages, in steps of 0.25 volt, imtil 4.5 volts 
are reached. If the V.T. voltmeter has bem built imd adljusted 
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according to specifications, there will be but a very small change 
in the reading of the plate meter for one position of the reversing 
Bwitoh, mid so this operation may bo disponsed with. 

The calibration obtained will corrcHjxmd to the peak values 
of sine wave input voltages. Each voltage reading on voltmeter 
V should be multiplied by 0.7 to obtain the effective value. 



Fio. 7-22. — Cimtit 

arran^^im«»nt for 
Jbrating: tli# 
wltm#t«r of Fli* 
7 - 21 . 


This V.T. voltmeter can be used to measure either a-c or d-e 
voltages whenever a voltmeter that draws little or no current is 
needed. The calibration obtained by the method described in 
Art. 7-12 will be valid for all frcquoncicH (wlUiin a tolerable per- 
cent for ^rvice work) within the audio band, and should give 
excellent comparative readings in r-f mcastircmciiis. Even 
though the calibration may not hold exactly for the higher fre- 
quencies, it at least enables us to know the order of the voltage 
— ^whether it is near 6, or 10, or 16 volte, etc. 

Note; When measuring a-c voltages, switch SW’S (1%. 
7-21) should be left open; it should be closed when making d-e 
voltage measurements. 

7-13. Uses for V.T. Voltmeters. — ^Now that stabto, line- 
operated V.T. voltmeters are avdlable, it is almost e«rtidn tihat ; 
they will become much more popular among radio Mrviee neo | 
for the types of receiver volti^ measurements for whieh Ibsy :| 
possess definite advantages over the more ott&aary fomM «f if 
voltmeters. 


A vacuum-tabe voltmeter Is useful toe ehedklng tibe 
stage (or overall gala) of eUhsa; tibe »-f, l-f, me a^d amplifiers In _ . 
oelvere. A suitable oscUlator is employed to feed a aimal to the 
Input of stay particular stage to be ehebked. Tws V.ff voltmetssr 
Is used for measuring both the voltage seroM tiie stage SMit 
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that across the stai^^e output, so that the gaim. may be determined. In- 
termittent operation, poor alignment, etc,, of each individual r-f or 
i-f stage of a receiver can also be checked in this way.. 

The voltages existing across some parts of avc circuits (most of 
which have resistances of over 1 megohm) may easily be upset as 
much as if even a 2,000 ohms-per-volt movable-coil type volt- 

meter is used to check them (see Arts. 2-19 and 2-20). This is due 
to the current |^ven though it is very small) which this type of volt- 
meter draws. Because it has almost an infinite input impedance and 
therefore draws no current from the voltage source, the V.T. volt- 
meter (without input voltage divider) may be used for checking 
these voltages (as well as any other low voltages in the receiver) 
without causing any such changes. It is also useful for checking 
grid voltages, plate voltages in detectors and resistance-coupled 
amplifiers, etc. 

The V,T, voltmeter can measure current (indirectly) too- 
Merely connect it across a small, known resistance which is con- 
nected in series with the circuit whose current is to be measured. 
If the voltage-drop across this resistance, as read by the V.T. 
voltmeter, is divided by the value of the resistance, the value of 
the current flowing (in amperes) is obtained. 

Power outputs of radio receivers may also be measured with 
surprising accuracy. Connect the V.T. voltmeter across the voice 
coil of the speaker and note the voltage so read with a given 
station tuned in. Although the reading will vary with the modu- 
lations of the signal, maximum, average, or minimum readings 
may be taken. Dividing the ''square'^ of this voltage reading, 
by the resistance of the voice coil, gives the power output in 
watts. In a similar manner, the voltage, or power, of any *Ve«i- 
dual hum" may be determined, and adjustments in the place- 
ment of power pack equipment or changes in the filter system 
may thm be made until the meter reads lowest. 

7-14. Comparison of the Copper-oxide and Vacuinn- 
Tube Tjrpe Voltmeters.^ — comparison of these two types of a-e 
voltmeters cannot be made fairly unless the use for which they 
are int«dsd is known. For accurate measurement of high-fre- 
quency voltages and for an extremely high-resistance device, l^e 
V.T. voltmeter is best. On the other hand, the high first 
the care which must be exercised in handling and the ckmI# of 
upkeep (however small) may be detrimental factors wMoh may 
limit its usefulness in some cases. The copper-oxide %pe volt* 
meter is small, light, rugged, is usually not as accurate as a goo4 
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V.T. volfemeter, cannot be connected in many circuits without 
disturbing the circuit, and cannot be used at high frequencies. 
Bach, therefore, has certain advantages and disadvantages which 
must be considered in any case where the question of Uieir rela- 
iave advantages is raised. 
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REVIEW QUESTIONS 

What is the output meter used for in radio service work, and wh» 
is it necessary? ^ 

Can a d-c meter or a movable-iron type a-c meter be employed tai 
place of an output meter? Explain! ^ 

What precaution must be observed when connectin* an outont 
meter of the copper-oxide type from the plate of on# of the out. 
put tubes to ground? 

Mentton three different types of output meters and explain the 
principle of operation of each. Draw sketches to Illustrate. 

How would you connect an output mater to measure the outoot 
of a receiver employing a push-pull output stage feeding InS a 
dynamic speaker 7 Illustrate with a sketch. * 

Explain the advantages of the copper-oxide type output meter 
Mention some of its uses. "i«wr. 

;^at is the purpose of the series condenser In an output meter f 
What may occur if it is not employed? raeseri 

the disadvantages, if any, of the cryatal detector oo^ 
rSadvintoJI^?"” voltmeter? What are Its advaatograf 
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THE TUBE CHECKER 

8-1. Need for Tube Testing.— Analyses by competent auth- 
orities show that inoperative tubes are by far the most frequent 
cause of "dead” receivers or unsatisfactory operation. Tubes 
become poor after they have given their normal amount of serv- 
ice, or when, because of misuse or faulty manufacture, their chw- 
acteristics change. Tube failure is so common in radio service 
work that the tubes are usually the first parts of a receiver that 
are tested by the average service man. (Note that we consider 
the vacuum tube as an inherent part of the receiver just as we 
do a transformer or a socket. A receiver per se is merely an 
assembly of apparatus, and can serve no useful purpose unless 
it is equipped with the proper tubes.) 

It is quite essential, therefore, that means be available for 
testing radio tubes accurately, swiftly, and without recourse to 
computation. Devices which satisfy these requiromonts are vari- 
ously known as tube checkers, tube testers, or tube sellers. They 
all attempt to do the same thing — ^indicate the condition of the 
tube insofar as that condition affects radio reception. Their 
physical construction depends upon the degree of portability de- 
sired. Those intended for store use are large, with large indicat- 
ing meters readable at a distance, and are commonly known as 
counter models; those intended to be part of the service man’s 
kit are known simply as portable models. In many cases, the 
circuits of both types of instruments of any one manufacturer are 
identical; the instruments differ only in size and weight. 

8-2. The Replacement Test for Tubes. — The necewity 
for comparing tubes of the same type under standardised con- 
ditions cannot be underestimated. A few people mahatdn 
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that the best test for a tube is simply to replace it iu the receiver 
wi-yi another of the same type. If the signals increase in strength, 
then the original tube is poor; if they remain the eaiiie, the 
original tube is good. They maintain that this test is simple, 
and has the distinct advantage that the' tube is being “testecf * 
under actual operating conditions and in the receiver in which 
it is used. Perhaps there is an excuse for this test when no 
other means are available for determining the worth of a tube. 
If the tubes in a receiver must be tested, and if no tester m 
at hand, then the logical thing to do is to replace ilioie in tibe 
receiver with other tubes, one by one, each known to be good. 
However, every radio service man should be aqiiipped to 
test tubes satisfactorily with suitable instruments. These make 
it unnecessary to carry around a good tube of every type for 
test purposes, and give a more accurate test of the oondiilon of 
the tubes — especially for receivers using avc— as we ihall now see. 

8-3. Disadvantages of the Replacement Test.— The or- 
dinary 'Replacement test” was satisfactory when tubes aud cir- 
cuits were simple, and when small differences In the characteris- 
tics of two tubes manifested themselves by noticeably different 
signal strength. But today, the design of many circuits Is such 
that a tube may be poor enough to be replaced, and yet It will not 
be detected by this test until a relatively weak tipial Is tuned in. 
Receivers are now equipped with automatic volume oony^li* 
which vary the sensitivity of the r-f and/or l-f portions of ttit 
set as the intensity of the signal varies. Thus, on a loud Icwal 
signal, the sensitivity of the receiver automatically 
and a poor tube in the r-f or i-f portion of the reiver wlH not 
manifest itself. Even if it is replaced with a normal tube, the 
increased signal strength so obtained automatically caiu^ tibe 
sensitivity of the set to decrease to iJbe point wheie the output Is 
the same as when the poor tube was in use. In such riHreivcrs, 
then, the "replacement test” is utterly uwlw. Ftirfhormoro, tie 
types of tubes used in the r-f portion of Ihe mM^mt mm 
same as those used in the a-f section, wh^ ihe replacem^at hail 
has some, though few, merits. 

If a tuning meter is used In fhe receiver, or if tibe ^ 

tuned to such a wekk riignid tii'at the mutmmMm vcdume 
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does not act (tmder which conditions the sensitivity of the re- 
ceiver is at maximum), then a poor tube will be shown up by 
weak and sometimes distorted signals. The deflection of the 
tuning meter is an indication of the signal strength reaching the 
second detector in a superheterodyne, and hence, though the 
audio output remains constant, the reading of the meter will 
change when a good tube is substituted for a poor one. Hence it 
also serves to show up a poor tube. 

However, comparatively few receivers are equipped with tun- 
ing meters, and it is rare that a properly weak signal can be 
found. Then, too, the signal must be weak for the particular 
receiver under test, which means that every receiver requires a 
different degree of signal weakness for every location of the re- 
ceiver. The degree of required weakness depends upon the sen- 
sitivity of the receiver and the amount of avc used; the greater 
the sensitivity and the more the avc the less the required signal. 

It is quite apparent from these remarks that the service man, 
whose time is an important element, is in no position to spend hi» 
time guessing about the weaknesses of signals and the some- 
times dubious readings of some timing meters. Furthermore, if 
tubes in both the r-f and a-f parts of the set are poor, he has no- 
recourse but to provide himself with a device that will tell him 
the condition of a tube without the necessity for having special 
signals or special receivers. He must have a device that works 
independently of the receiver itself, and upon which he can rely 
with complete confidence. It is the purpose of this, and the 
following two chapters, to present a comprehensive study of tube 
checkers for accomplishing this task satisfactorily. 

8-4. Stmeterea ol Modem Tubes. — ^Before discussing the 
different practical tests that may be applied to a tube to indi- 
cate its worth, it might be well to review briefly the different 
stractures used in modem tubes and to point out the salient 
features of each electrode arrangement.* With this knowledge 
at hand, it is relatively easy to understand the connections of 
the various grids and plates in some of the modem combina- 

♦Note; For a more detailed and comprehensive treatment Hie 
subject of vacuum tubes, consult the Radio Rhyaioa Cenres, by Alfiireil 
A Ghirardi. (Radio A Technical Pub. Co., N. Y. G.) 
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tion tubes; for, to understand the operation of a tub© tetter, 
the connections of the elements inside the tub© being tested 
must be known. 

8-5- Diodes and Triodes. — simplest type of radio tub© 
is the diode, so called because it consists of a filament, or heater, 
and a single plate. The filament or heater emite electroni whioh 
are collected by the plate whenever the plate is positive; no 
electrons are collected when the plate is negative. The arrange- 
ment of the elements in such a tube is illustrated in (A) and (B) 
of Fig. 8-1. This type of tube is used almost exehiaivciy for 
power rectifiers (filament type, with few exceptionti) and for sig* 
nal detection (heater type)* This type of rectifier is the *iialf- 
wave’' type. Two plates may be incorporated, as shown at (C) 
and (jD), to obtain ^Tull-wave" rectification. 

A single ^^grid” in a filament-type diode makeii ih© tube a 
triode, as shown at (E) , and the tube is still a triode if the emit- 
ter of electrons (simply called the emitter) w equipped with a 
cathode, as in (F)* Note that this latter structiira hm four ele- 
ments, although only three are actively concerned with the elec- 
tron flow (the heater is used solely for heating the cfttluKl©), 
hence the name ^^triode” still persists. 

8-6. Multi-grid Tubes.— At (<?) is shown a filament typ# 
tetrode, or four-element tube. Gl is the contnd-^grid, The mddb , 
tional grid 0$ is inserted to reduce the capacity exwiing betw^a 
the control-grid and plate of a triode, and !©■ maintmined at a 
potential equal to or less than that of the plate in the con- 
nection (except when used a® a dynatron). This atructur© glv« 
high gain at very low power output, and m laalnly i© 

tubes to be used as r-f or i-f amplifier® and somoUm©® in dobw- 
tore. For a-c operation, the emitter may b© of th© Indliwl- J 
heater, or ^^oathode” type, a® shown at (H)* \ 

Still more amplification may be secured by In^riini anotiier ; 
grid GS (the suppressor grid) between (?f and F, a« ihowo, at 
(J). This gives us th© pentode (fi-eleotrode) typ# twite*. This 
type of structure is in common use at this time. In Indiiwote 
heater form of this tub© the connection of this grid 0# Is liruttglit ^ " 
out to a separate prong in th© base, as shown at (f ) • Thii maktti 
it possible to connect it (outeld© th© tube) te fite 'i 
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used in the normal way as an r-f or i-f amplifier. For certain 
special control work, its potential can be maintained either 
above or below that of the cathode. In filament-type forms of 




(if-CtCCTflOOX TUIfS) 



TETRODES 
^•CLECTROOS TUBSSJ 



PENTODES COMBINATION TUBES 

Fio* of tlia electrode arrangemente employed in 

modem radio tulbeSi starting with the simple diode (2-electrode) tube 
at (-4), progressing to the pentode (S-eleotrode) tnbes at </) and 
(J) and the combination tabes at (ufiC) and (i>). 

tub©S| the suppressor grid Os is already connected (inside the 
tube) to the center of the filament — as shown at (J). 

8-7, Combination Tubes. — Almost any combinatiott of 
these structures may be built into a single .glass envelO'pe md 
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properly called a single tube. For example, as shown in (K)^ 
the double diode plates of (€) and (jD) and the triode of (F) ar# 
united to form a single unit. A typical or combi- 

nation tube employing this arrangement is the ’55, and it ii known 
as a duo’-diode triode. The same structure with slightly different 
characteristics is used in the ’75 and ’85 tubes. The diode section 
of the tube is placed directly below the triode section. It i« inde- 
pendent of it, and functions just as if the triode ware not present. 
In fact, two separate tubes could be used instead, with aiibatan- 
tially the same results. 

Pentodes and triodes, pentodes and diodes, two teparate tri- 
odes, etc., have been built into a single tuba and arc used for a 
variety of special purposes. Such combinations lead to aarcHMi 
such as duplex-^diode pentode, etc. A coinplctt^ chart giving a 
list of these tubes and their socket terminal oonnectiont will be 
found in the Appendix at the back of this book. 

Another class of combination, or multiple-unit, tubes com- 
bines features of the previous classes. Typical of this clai» am 
the 2A7 and the 6A7 pentagrid converter types. These are tu^ 
having an unusually large number of electrodes (seven exclusive 
of the heater), all of which affect the same siscifm eirmm mad 
yet perform two operations (oscillator and mbter for superhetero- 
dyne circuits) independently but dm%dtanmmly* Th® sltctood® 
arrangement in these tubes is shown at (L) of Fig. 8-1. 

8-8. A Satisfactory Test for Tubes.-— Just what ccaiMtutiii 
the ^'best” method of testing a tube to determine its pnemi eoa- 
dition has been the subject of much di®oui»ion, with tib# wwill 
that there are many differences of opinion. Tlowcvor, thor® ii m 
definite tendency among exigimerB to stwadardiiw on two 
methods of test to judge the condition of amplifier tubti. Tim 
first is called an emission test, and the i^emd typ, a mwtmd 
conductance^ test. The emission t^ is toe oaly practical 
for reotifler tubes; they are t^d mtirdy by It 

Both the emission test and the mutual conduetimcc wll 
be discussed first. Then, misoellaneoua tesbi tm oato^^bMtor 


The term ^bnnteal iwimdnctasiiot,’* anlwiiisiliy T-mB. r 

*!»• S<»nd^^«on CotSW t£ tk» K*mSi 

of Ba^ BrtafHoero to tnmooondmbmim, Boti tMraw wfll b* 
intorohangMAly In tUbi Ikk^c. "• 
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leakage, ^^ehorts^' between the tube electrodes, etc., will be 
explained. Finally, the circuit for a complete simple tnbe 
checker will be developed step by step, and adapters will be 
described. Complete instructions for making a modern tube 
checker are presented in Chapter IX, and commercial tube check- 
ers are described in Chapter X. 

1 8-9, The Emission Test for Tubes. — If normal voltage ie 
appHed to the filament or heater of a 2-element radio tube, elec- 
trons will be emitted, and these electrons can be collected by a 
positively charged plate situated close to the emitter. If the 



Fig. 8-2. — Circuit arrange- Fig. 8-8. — Circuit arrange- 
ment for a simple emission test ment for making an emission 

on a 2-©lectrode tube (diode). test on a 3 electrode tube (tri- 

ode). 

voltage applied to the plate is made high enough, all the elec- 
trons emitted by the filament can be attracted to the plate 
at the same rate as they are emitted. Then the plate current 
flowing will be a measure of the number of electrons being 
emitted. If this plate current is compared to the normal emta- 
don for the particular tube under test, the condition of the 
emitter may be determined. This is the fundamental basis of 
the so’^oalled omUdon teat, and a simple circuit arrangement for 
It is illustrated diagrammatic ally in Fig. 8-2/ 

If' the tube is^'ol the-three-elem'ent type/then the pid must 
be connected directly to the plate, as shown in Fig 8-8. Under 
tiese conditions, both the grid and plate attract the electrons 
being emitted from the filament, and the meter M reads the 
total of both eurrents. Not© that the grid is at fJi© same 
potential as the plate. This means that the grid cuwr«at is 
greater than the plate current because it is closer to the fila- 
ment than the plate. If the grid current is too large, it may 
eause the grid to become red hot; imd, if diere is m smaU ^mm 
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of gas ia the tube, the excessive current may ionise It (break 
it up into positive and negative charges), causing an abnor- 
mally large current to flow and ruining what might otherwlee 
have been a good, serviceable tube. 

These facts make several precautions necesiary when mak- 
ing an emission test on a triode. Firut, the milllammeter Mi, 
in the plate circuit, must be large enough to safely handle the 
expected current. Second, be certain that the grid of the tube 
can withstand the heat caused by the grid current flow. Third, 
do not attempt to conduct an emission test on indiract-heator 
tubes (cathode types). If too much current (electrons) ii drawn 
from the cathode of an indirect-heater tube by having both the 
plate and grid at a high positive potential, the emisiiion action 
in the cathode increases at such an enormous rate that the 
cathode becomes damaged very easily and quickly. 

Theoretically, if the tube has more than one grid, all ih© 
grids, too, should be connected to the plate; and, as in the ease 
of the triode, the meter will read the sum of the plate current 
and all the grid currents. 

8 - 10 . Advantages and Disadvantages of the Emission 
Test. — ^The emission test is baaed on the fact that when a tube 
has operated for its normal span of life (about 1,000 hours), th# 
electron emission begins to drop, and continues to drop until 
it becomes too small for practical use. 

Since rectifier tubes contain only an electron ©iiiitlor and 
one or more plates, they must be tested by the omiMiloii-^t 
method. All rectifier tubes, and the diode aecilotw of duplex- 
diode tubes, are tested simply by testing their eniltaion in thi* 
way — even though the same tube checker may cheek other 
types of tubes by the grid-shift metimd. Kactifitr tuli« toting 
is simple and presents no special problems; the proper a-o 
tial is applied between the anode and cathode and dit plato 
current is read. If it is below normal, the tul^ !• 

Little more will be said about the testing of diod©, or iwMitr 
tubes. 

The emission test reveals the oondition of tibe •»!*- 

ter in amplifier tub^, but it does not consider mj faulte 
that the tube may have. It does not 'take into 
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the fact that a slight amount of gas ionized by the plate cur- 
rent may cause a higher plate-current reading to be obtained 
than would be the case if there were no gas ionization, that is, 
when in reality the reading should be below normal because 
of low emission. In short, the emission test does not test a 
tube under conditions simulating those found in actual practice. 
However, the emission of a tube is an important factor which can- 
not be neglected. Low emission manifests itself in a manner 
similar to the shifting of grid bias. Low emission is like mak- 
ing tiie bias more negative; high emission is similar to making 
the bias less negative. In this manner only does an emission 
test simulate operating conditions. 

8-11. Emission Test on Cathode-type Tubes. — ^The fact 
that emission tests on cathode-type amplifier tubes cannot be 
made with normal operating voltage because of the high plate 
currents resulting is no detriment in itself. In practice, the 
voltage applied to the plate and grid can be made low enough 
so that the plate-circuit current in a normal tube will not be 
excessive. And if the emission tester is to test a wide variety 
of tubes with widely different plate currents, then means must 
be made available for adjusting the plate voltages on the tubes 
so that the currents are not excessive and so they all will 
fall within the range of a single meter. 

The circuit diagram of a typical emission tester may be 
represented essentially as shown in Fig. 8-3. Of course, the 
necessary switching facilities to reduce the plate current, etc., 
could be added. Also, in commercial designs, the finished in- 
strument works directly from the a-c supply line. A-c is sup- 
plied to the plate and filament or heater, and the d-c milliam- 
meter reads the average value of the plate-circuit current, as 
does the d-c insirument of a copper-oxide type meter (see Art. 
2-82). (Plate current flows only during one-half of each cycle, 
since the ®rid and plate are negative during the other half cycle.) 

8-12. Calibration of an Emission Tester.^ — ^The calibration 
of such an instrument involves the testing of a number of good 
tubes of each type. The readings of the meter M for each tube 
type are recorded and averaged. This average is taken as 
“good^' for the particular type tube. From additional tests 
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with and ‘^poor’^ tubes, arbitrary limits are set between 

which a tube is said to be good. From stiii more tests with 
^'poor'' and '^fair'' tubes, the limits between which a tube is 
can be determined. All readings below the lower limit 
of ‘‘fair’', for a particular tube type, are “poor”. Hie calibration 
cannot be “computed” by means of a formula with any degrm 
of success; the only calibration method is that of actual ly test- 
ing different tubes whose condition is known, A chart Is then 
compiled with the meter reading limits for every type of tube and 
is consulted whenever a test is nmde with the tester. 

8-13. Effect of Gas and Emission Tast.—A small amount 
of gas in a tube may make its operation totally unsntbfuctury. If 
a tube contains gas, and if the emission is fairly large, tliit gM 
becomes ionized, the positive charges traveling tlirougli Urn tube 
to the nearest negative electrode and the electron {tim negatlv# 
particles) traveling to the plate. This motion of the charge* i*, 
in reality, plate current ; and, if there is sufficient ga* present, till* 
current (composite of the normal plate current and the gas cur- 
rent) may be sufficiently large to damage the tube by overheat- 
ing of the elements. 

In modem tubes the gas content is »o small tliat dangpr of 
overheating because of ionization is small; It ii pMsible, ihou^, 
that the characteristics of the tube may change. When the tub# 
is operating in the receiver and the grid bias is small, a lim# 
ionization may cause grid current to flow, which reduce th« in- 
put resistance of the tube, causing weak signals, broad tun, tog flf 
in an r-f amplifier) and distortion (if in an audio amplifior). II 
is well to be able to test a tube for gas contwat. 

8-14. Testing for Gas. — ^If tibe grid cuitmt i« v«iy cmal 
with the bias near zero, then 'the tube may b# i^umad to have a 
negligible amount of gas. This is 'the principle u|^ whteh ttii 
typical gas-test indicator works. Consider tot oireuit ^ 
Fig, 8-4. A simple ttiode is eonneoted to batowd* imd a 
as shown. The plate cunmt is a 

upon the tube type and toe voltage. Aiwpiw«i tonA C is a midl" 
battery, perhaps U volte. If toe tube is pMay, euwwat wll flw: 
in the grid circuit; the direction of flow irouid be from p4d to 
filament, or from filamant to grid, d^p«a#e« u|^ Iht p«Awitill 
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of the grid, the gas pressure, the tube structure, and the poten- 
tials applied to the other electrodes. For our purpose, it makes 
little difference which way the current flows, so long as the fact 
that grid current flows is recognized. 

If a resistor R is connected in series with the grid circuit, as 
shown at (H) of the figure, then this grid current will flow through 
R and develop a voltage across it. This voltage then acts either 
with, or against, the voltage C (depending upon the direction of 
flow of the grid current). In either case, the voltage developed 
across R alters the grid bias voltage, resulting in a change in the 



Fig. 8-4. — Action of the circuit arrangement employed to make 
a ''gas" test on a vacuum tube. 

plate current — which will be indicated by M, If there were no 
gas, there would be no ionization, no grid current, no drop across 
R, and hence no change in plate current. R is usually made 
about 500,000 ohms, and a switch is placed across it, 5 in the 
diagram. If opening and closing this switch produces little or no 
change in plate current, then there is little or no gas present. 

The gas indicator, then, is nothing more than a series grid 
resistor with a switch across it. Changes in potential across this 
resistor manifest themselves by changes in the plate current. 

8-15. The Mutual Conductance (Grid-Shift) Test. — A 
more satisfactory method of testing an amplifier tube is to place 
it in a oirouit that more nearly simulahes the circuit condi- 
tions in an actual receiver, and determine its property as an 
ampliflsHT. The conductance, or grid^ehift, test most new- 

ly f ulfiEs this eondIMon. 

Any amplifier tube functions because a change In its 
voltage causes a change in its plate current. The greater 
change in plate current produced by a given change in polmMal 
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applied to the grid, the better the tube is as an amplifier or detee- 
tor, other tube constants remaining the same. aiiice 

the worth of a given type of tube as an amplifier depends upon 
how much plate current change will be produced by a given ©rid 
voltage change, this can be made the basis of a method of atnpli- 
fier tube testing. This is, in fact, the basis of the grid-shift 
method for testing amplifier tubes. 

As the important ''amplifying'* proja-rt y of the tube dc|iends 
on how much plate current change is caused by a given grid 
age change, by comparing these values we obtain it '‘figure of 
merit" which is known as the mutual conductanre 
by the symbol Gm)* This conductance ratio is eallcfti mutual be- 
cause it expresses a mutual relationship between a c|uiiritity |'»er- 
taining to the plate circuit and a related quantity periiiining to 
the grid circuit. It is called conductance because it m the ratio 
of a ^'current" to a ''voltage*' (remember that rmiMtanm ia the 
ratio of a "voltage" to a "current"). Since coiKluetance m the 
opposite of resistance, it is expressed in mhoB (mho in ohm spelled 
backward) . 

Of course, the plate impedance and aniplifieutkm factor of the 
tube are important, but, since the "mutual conductance** of ii tube 
is equal to the ratio of these other two constante, any clintige in 
either one is bound to affect the mutual conductance. Therefore,, 
if the mutual conductance of a tuba is found to Im iicirfiial, It io- 
dicates that both the plate impedance and anipllflcatioii factor 
are also normal, bo these need not be tasted While 

the mutual conductance is not a complete indloatkin of the mm* 
parative merits of tubes of different types, it It m fHiiitlv# Indi- 
cation of merit among tubas of the same type. 

The fundamental definition of mutual conductance i« the bi«ii 
of operation of the grid-shift method of tub© totting. Midwai 
conductance, Gmp equals the change in plate ewtreni (in amp$} ^ 
vided by that change in grid voltage (m volte) ca'tmng the ^il#» 
current change---with the plate voltage held emsiani. 

Keeping this definition in mind, we will now ^ how the mu* 
tual conductance of a tuba can be measured by to# liimpl# tifwitt'' 
awangement shown in Fig. 8-5. The tuba is aonn^stod m tooiwi, , 
with provision to read the plate cuwmt means of d-e mlllliMfli- 
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meter M. The grid is connected to an adjustable source of volt- 
age, the value of which at any time can be read on d-o voltmeter 

Suppose the arm of P to be adjusted so that the grid voltage, 
as read on V, is 1.6 volts “positive^^ at which time the plate cur- 
rent meter reads 4.0 ma. Then P is varied until another con- 
venient grid voltage is obtained, say 2.76 volts “positive’^ at 


Pxa- 8-6. ■— Ele- 
’tnentary circuit ar- 
rangement for de- 
termining the mut- 
ual conductance of a 
tube. 



which time the plate current meter reads 7.4 ma. The mutual 
conductance of this tube then is, 

^ change in plate current produced (in amperes) 

^ change in grid voltage producing it (in volts) 


_ 0.0074 — 0.004 
^ 2.76- -1.50 


0.0034 

1 . 2 ^ 


0.00272 mhos. 


Mutual conductance is measured in mhos. The mutual con- 
ductance of radio tubes is so small, however, that one-millionth 
part of a mho, the micromho, is the unit universally employed for 
expressing the of radio tubes. To convert mhos into micro- 
mhos, simply move the decimal point six places to the right, i.e., 
multiply by 1,000,000. The Om of the tube just tested is, then, 
0,00272 mhos, or 2720 micromhos. 

Naturally, the general method just described can be used for 
measuring the mutual conductance of any type of amplifier tube 
— provided of course, the circuit arrangement of Fig. 8-5 is altered 
properly to meet the conditions imposed by the particular elec- 
trode arrangement which the tube employs (see Fig. 8-1), and iiie 
practical field conditions under which tubes are usually tested by 
'the service mem. Practical circuits for making this m^easure^ 
ment rapidly on all commercial types of tubes employed in radio 
receivers will now be developed and described in detail. 



176 


MODERN RADIO SERVICING 


CM. VIII 


8-16. ^‘Relative” Mutual Conductance Satiafactory. — ^ 
While the mutual-conductance testing arraxxgernent described in* 
Art. 8-16 gives the information required, it is not really satisfao- 



Fig. 8-6. On« method of' 
shifting the grid bias In a tub#- 
tester. The iwiteh mmmhtrn 
either the voltage drop acww# 
RI, or that acroM both Rt and 
to be applied to the grid of' 
the tube at will. 


tory for rapid testing of tubes, due to the fact that a coinputa- 
tion is required for each test. 

This computation of the actual mutual conductance for every 
tube tested by this system is really unncci^i^Hury. If we oliaiife 
the grid voltage by a definite fixed amount for each type of tuba 
every time, all we need to notice is how much change In plate 
current is produced by this grid voltage change. Knowing ba« 
forehand (by having previously preimrtitl charts giving the ••plait” 
current change'^ limits obtained for known ••fair” and 

”poor” tubes which have actually been tasted) just how mu#b 
plate current change is obtained in a ”good” tul^i a ”falr” Inl- 
and a ”poor” tube of the same type, and twled under 
conditions, we can quickly judge which claisiieaiion tiha lube-' 
being tested falls into — ^without need for oomputation of any 
kind. Hence, only the plate current readlnpi (which swally 
give us the relative valme of mutual oonduetiwaet) are 
and they give us all ttite information we ne^. 

From previously prepared chartii (or calibraMctii dlrtellf em 
the tube checker) which i^oify the n«rmdl, ehan^ in plate tw* 
rent reading for 6V«ry type of amplifier tete aftsnufiwtouwtel, tea 
relative ”goodnew” of any tube under may te tuitMy 
tained in this way. Commercial tube eh««k«fli empl^ ttiii 
However, it must be remembered teat a tebte m ebart tewnring 
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the minimum allowable differences in plate current for varioui# 
type tubes when the grid-shift test is employed, can only be used 
with the particular make and model of tube tester it was pre- 
pared for* 

8-17. Methods of Changing Grid Bias. — ^In commercial 
tube testers, which are almost always a-o operated, the bias is 
often shifted by changing the voltage drop developed across a 
resistor placed in the cathode circuit, somewhat as shown in Fig. 
8-6. This eliminates the need for using a battery for the grid- 
bias voltage. With S in position 1, the voltage drop across both 
Ml and EB is applied to the tube as a negative grid bias; with 8 
in position B, only El contributes to the bias, so the plate current 
increases. If El equals EB, then the bias voltage may be halved 
by merely throwing the switch. 

Another method of shifting the bias, shown at (A) of Fig. 8-7, 
is similar, except that 8 connects the grid to different portions 
of the filament winding. When the switch is in position 1, as 
shown, the grid connects directly to the cathode, and it is at ssero 



iA> 



PORTION i: PLATE CURRENT 

CSWITCH AT POSIT. 11 

PORTION 26 PLATE CURRENT 

<SWITCH AT POSIT.2) 
CB) 


8-7.^ (A) Another meyaod of shifting the grid bias in a 
tub© tester. The bias is shifted by employing either **mrf>^* bias 
(switch on Contact i), or the voltage between a^b as a ^Id bias 
voltage. Point d may be considered as B minus, and point a m B 
plus. Contact 1 is connected to both the cathode and the fflament. 

(B) Portion i shows the plate currmit when switch S U in 
position i. Portion $ shows it when the switch is in position f. 


potential. A certain plate current flows. Since a-e vol^^ is 
applied to the plate, the plate current is a pulsating half-wave 
rectified current, as shown at portion 1 of (B). The d*e plate 
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milliammeter reads the average value of the plate current (le® 
Art. 2-32) . 

When ^ is in position iB, the grid connects to point b on the 
filament transformer secondary, and on the half cycles when the 
plate is positive, the potential of the grid is podtive with rmp^t 
to that of the cathode, by an amount equal to the voltage de- 
veloped in the portion of the winding from a to b. This cauw 
the plate current to increase, as is shown by portion f of (B), 
by an amount dependent upon the mutual conductance of the 
tube. The deflection of the meter M increases, of cour^. We 
need not consider the half cycles when the plate is negative, dnm 
no plate current flows then. 

One important point must be kept in mind when a tuba 
employing the latter method of grid-bias shift is oonstruotod. 
The windings of the transformer must be so connects that the 
polarity of the tap b on the filament winding is the same at every 
instant as that of end c of the primary winding (which oonn^ti 



<A) 

Fia. 8-8. — ^(A) Incorrect transformer cwnneetiona for grid shift 
test method of Fig* 8-7. The instantaneous polarltim of the arid an^ 
plate are opposite, so they oppose each other’ll actlm m plats 
current. 

(B) Correct transformer connections, Hertp the 
polarities of both the grid and plate are always similar, 

to the plate of the tube). What happens if tiiii i^larity relaMfflo 
is not observed may be understood from a ctmsidrralum of 
the illustrations of Fig. 8-S. 

At (A) we have a simplified sketch of the eirenlt om^Iowi 
(when switoh S of Fig, 8-7 is in imitiott $) M Ilia tmi^forwir la 
nected so that the polarity relataons are net e.orr#‘rt. Notice that at 
the instant when the plate Is positive with rmipi^ to toe 
tap b and the grid of the tube are mgaUve with raptot to It 
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IiBt US see what happens during each half cycle that the plate is 
“positive”. As the plate becomes more and more positive, the grid 
becomes more and^^ore negatih?e, so that its effect on the plate current 
is just opposite to that of the plate. Therefore, the plate current will 
either increase a small amount, remain the same, or actually decrease, 
depending upon the value of the plate voltage, the grid voltage and 
the mutual conductance of the tube (i.e., upon how much relative 
control the grid and the plate voltages have on the electron flow of 
the particular tube). Therefore, with the circuit arrangement of 
(A) the result on the plate current reading is uncertain. 

If the circuit is arranged the correct way as shown at {B), both 
point 6 (and the grid) will be ^'positive” every time the plate is posi- 
tive. Therefore, the grid and plate aid each other, and the plate 
current increases. The tube resuly will act as a half-wave rectifier, 
plate current flowing only during the “positive” half of each cycle. 

Since the plate current is a half-wave rectified current, the d-c 
milliammeter will indicate the average value of the plate current. 

8-18. Grid-Shift Test Usually SufEcient, — ^Both the “emis- 
sions^ and “grid-shift^’ testing methods are in common use. 

The emission test is employed in many tube testers of the 
direct-reading type, called “English-reading*^ testers by some 
manufacturers. In some so-called English- reading testers, espe- 
cially when they are designed for counter use (one is described 
in Art, 10-9) , the instruments are compensated in various ways, 
irrespective of the basic circuit, so that the meter will indicate a 
definite value for a good tube, regardless of the type. The meter 
usually has sectors marked “Good^', “Fair^', “Reject^^, etc. This 
makes the test simple, and, since the customer sees his tubes t^t- 
ed, it eliminates the necessity for his understanding the sipiifi- 
canoe of definite milliampm^ readings and the necessity for sub- 
traction when the grid-shift test is used. 

Either the “emission^^ test or the “grid-shift^ ^ test give an indi- 
cation of the condition of an amplifier tube, although the grid- 
shift test will report more defects than the emission test will. 
The grid-shift test checks the mutual conductance of the tube,, 
which is a measure of its amplifying properties. It also reveals 
low emission, since the initial and final readings of the meter will 
be lower than normal (althou^ their difference mi^t be the 
same) in a tube of low emission. Usually, however, low emdssion 
is revealed in a mutual conductance test by a small “differ^ee 
reading.'' A larger “difference reading" than normal is somewhat 
rare and is usually due to a shifting of the position of ihe gdd witih 
respect to the filamimt— the filammit may sag so that it is cl<Mar 
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to the grid than it should be. The grid then oontrola the electron 
flow more than normal. This closer spacing therefore increases 
the Gm of the tube, but it is not desirable, because of tlie greater 
possibility of a “short” occurring between the grid and filament 
due to the very small clearance between them. 

As will be shown in Chapter XIII, many set analysers are 
equipped with facilities to shift the bias of tubes under test 
(using the voltages of the receiver under test) , in order to obtain 
some idea of the worth of the tube in the analyser. The one 
trouble with this system is that the result shown by the test is 
valid only if all the voltages in the receiver are normal. And 
since the voltages in different receivers of different nuuiuffwtur- 
ers are not the same, comparative readings cannot be obtained. 

8-19. Calibrating the Grid-Shift Tester. — In the griti-ahift 
tube tester, as in the emission type, the initial calibration of the 
tester cannot bo made by computation. A number of tubes 
known to be “good” within practical limite are tested, and the 
“difference readings” noted. The same procedure is followed f<» 
a number of tubes known to be “fair" and for anotlier lot known 
to be “poor”. A chart is then prepared showing what tlie ehift 
in reading should be for a “normal” tube. This is repeated Iw 
every type of tube to be tested. Of course, commercial tube 
checkers are calibrated at the factory by the manufacturer when 
made. 

8-20. Cathode-Heater Leakage Testv— -When an i&dlreot> 
heater tube becomes noisy, it is almcMit a positive indication that 
a leakage path is present between “the cathode” and the “heater”. 
This is the most common and most important of tiie leakaise c<Hk> 
ditions found in service. The most practical test method for 
disclosing suoh leakage consists of oltscrving the plate cumsit 
reading for the tube when operated with the cathode connected 
to both B-minus and the heater. Now if tite oatiiode <'irfiiit is 
opened, by disconnecting the cathode, the plate current reading 
will be “zero” if there is no cathode-heater leakage. If lh«« It 
any euch leakage, the plate oirouit will etill be continuous, ootut* 
pleting its path throu^ this leakage path, and a definite value ai, 
plate current will still be indicated by the metw. 

Tigure 8-9 shows the oirouit of a typical oathode-hMfeer kNdB* 



CH. VIII 


THE TUBE CHECKER 


181 


age testing arrangement. The primary P of filament transformer 
T connects to a 110-volt a-c source. The secondary of this trans- 
former is tapped to secure all different filament voltages required. 
The plate voltage employed for the tube testing is the supply 
voltage (the voltage drop across the primary). One side of the 
primary connects through a resistor JR (used to limit the plate 


Fig. 8-9. — A typical 
circuit arrangement 
employed in tube check- 
ers for making cath- 
ode-heater leakage 
tests. 


current) and meter M, to the plate of the tube in the socket — 
a 4-electrode tube in this case. The other end of the primary 
connects to one side of the filament transformer, to the heater, 
and to on© side of a switch S, The cathode is connected to tfels 
same side of the primary through this switch, ^ 

Suppose, under the conditions shown, the tube receivel normal 
heater voltage. With the switch closed, as shown, the d-o milli- 
ammeter M will read the '^average'^ plate current (since the plate 
current in this case is a pulsating d-c). If the switch is de- 
pressed, the cathode of the tube becomes disconnected from one 
end of the twt-voltage source, and the plate current should drop 
to sero, since its path has been opened at this point. 

A good tube with no leakage will be noted by a sero reading 
of the meter when S is depressed. If there is a leakage path be- 
twewi tJhe cattiode and heater, there will be a complete circuit, 
and a plate currimt flowing from the plate to the cathode, then 
through ih§ Imhago pnih to tihe heater, and thraice to tihe left ter- 
minal of file transformer, etc. The meter will indicate the value 
of this plate ourreat flowing. It will be lower than normal, to be 
stue, unless there is a direct short-cirouit between the caUhiodie 
and the heater, in which case, the plate ourremt reading wil be 
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the same as it was when the ‘‘leakage test’' switch was ‘‘open**. 

8-21. Testing for ‘‘Shorts” Between Tube Electrodes*--* 
In addition to the foregoing tests, it is essential to know if any 
of the electrodes of the tube arc short-circuited to one another. 
If such a short-circuit should exist, there is a posfilbliity of burn- 
ing out the meter because of excessive current. A simple switch- 
ing circuit that will connect in a small six-volt lamp, or nmn bulb, 
instead of the meter is sufficient. By switching in the lump be- 
fore the meter is connected, excessive currents due to abort cir- 
cuited elements will be indicated by the lamp. The lamp remains 
dark if no elements are ‘‘shorted”. 

The number of shorted elements that can be aiiown by the 
lamp depends entirely upon the design of the tester, lliwally 
one or two elements, the most frequent ofTcinirra, can be Indi- 
cated. This makes little difference, though, because the purpo^ 
of the lamp is to indicate excessive plate current, rrgarclb*>H of 
which element in the tube is short-circuited; and sc kmg a* Urn 
plate current is normal, the rest of the tul>e test may be pw* 
formed with the meter in the circuit. 

An interesting point arises hare in connection with tube twit* 
ing. None of the usual “short” tests that are made on a tube tei 
which element is causing the trouble. For all practical pur|Ki»es 
that knowledge is not important, Aa long as the tube tmt%r indi- 
cates definitely that there is a “short” Hoinewhcrc, die tube will 
be discarded and the tester has served its purpote. 

8-22. Effect of Eine-Voltaga Variations Upoii Tubs 
Checkers. — Unless some form of lina-voltaga indicator and 
compensating adjustments are incorporated in the tol^ clt«k«rp 
the readings will be seriously affected by llne-voltoie vnrifdiiais 
which are encountered in normal practice. If the line is 

above normal, higher voltages than normal will be applied to tl* 
tube under test, and of course the meter reading will 1» 
correspondingly, so that they are not reliable Indicator* of 
condition of the tube. The same Is true if the voltoga It Iw* ' , 
To remedy this condition, provision shocJd! be made for 
uring the line voltage, and for adjusting the vulingcn i^plfid to 
the tubes. In some cheekm, the line volto#s um ^ rei^ m toi 
same meter used for the tubs t^. This tmUm irfll be idtedtod 
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in connection with the commercial tube checkers described in 
Chapter X- 

Line voltage variations are usually compensated for by pro- 
viding the primary winding of the transformer in the tube checker 
with taps, so that the proper tap may be selected to provide the 
correct voltages to the tube under test, even though the line volt- 
age may be above, or below, normal. This featrire will also be 
pointed out in the commercial tube checkers which are described 
in Chapter X. 

8-23. Development of Tube Checker Circuits. — ^With all 
of the foregoing tests to be made on a tube, the final circuit of a 
modem tube checker becomes quite complex, especially to the lay 
service man. It will be best, therefore, to develop first, step by 
step, the circuit of a simple tube tester. It should be emphasised 
that the circuits shown are not intended for constructional pur- 
poses — ^the circuit of such a tester will be described in the next 
ohapter^ — but merely to show the manner in which the complete 
circuit of a tube tester is developed step-by-step from the funda- 
mental tube testing ideas which have been presented here. 

8-24. Step-by-step Development of a '*Grld-Shi£f' Tube 
Checker Circuit* — ^Fig. 8-10 shows a fundamental arrangement 
which may be used for the testing of 3-electrode tubes. It is 


Fig. 8-10. — Funda- 
mental grid-shift 
type battery-oper- 
ated tube tester cap- 
able of testing s- 
electrode tube* only. 



rimple, Mid employs batteries for its operation. A 
mutual conductance teat is obtained by comparing the plate- 
current reading for the two positions of the grid-test switch 
(which is usually a S-PJD.T. push-button switch) first in nor- 
mal posMcn, and Moond with the switch button presmd. The 
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latter position changes the bias iinpresse(i on the tubo, 

tO’ a ^‘positive*' bias of 4.5 volts (the potential of the bat** 
|ary), causing an increase in the plate current of the tube. 
'3?his change in plate current may be referred to a chart, pre- 
viously prepared by testing a number of tubes. The rhecMtat 
and voltmeter in the filament circuit serve to adjust the 
battery voltage to that required for the tube under test. With 
this set-up it is impossible to test 5-prang, indirect-heater ty|^ 
tubes. This makes it necessary to add a 6-prong socket W the 
tester, as shown in Fig. 8-1 L* 

The disadvantages of these circuit arrangements are ap- 
parent. As far as portability is concomod, the uijpuratus if 
impractical because of the size and weight of the batteri^i 
required. Also, in order that the accompanying '‘plati*-rum*nt- 
change limits*^ chart be accurate, the battery potential* must 
be maintained within certain limits, necessitating frequent »- 
newal or re-charging. To overcome these objections, the tul^ 
tester may be designed for llO-volt a-c line operation, m ihown 
in Fig. 8-12. 

This line-operated tester employs a 7.5-voIt filament trans- 
former, with a rheostat and a-o voltmeter, so that the proiw 



filament or heater voltage ean be impr«wed on ttit ttite. Tl if 

"B" batteries axa eliminated by using the line voltage •* 

potential. Although tibe meter in the piste oiiwitei 


sookete this b«»<*. M-pronir 
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of the tube under test is a d-o instrument, readings are obtained 
because the tube is acting as a rectifier, and the meter reads 
the “average^' value of the pulsating rectified plate current. 
Instead of using a 4.5-volt battery to secure the necessary 
^'grid potential change”, this potential change is obtained by 



Fio. 8-12. — The tube checker of Fig. 8-11 arranged for operation 
from the llQ-volt a-c line. All batteries have been eliminated in 
order to provide greater portability and freedom from battery re- 
placement troubles. 

short-circuiting part RB of the grid-bias resistor R$ + 
with the switch marked ^*gnd-shift^\ The grid-bias voltage 
is obtained automatically from the fall of potential across Bj® 
and E$, caused by the flow through them of the plate current 
of the tube being tested. As mentioned, when the *^grid~8hift'^ 
switch is pressed, RB is short-circuited, thereby reducing the 
grid-bias and causing an increase in the plate current reading. 

8-25. Further Refinements in the Simple Tube Checker* 
— Even the tube checker of the form shown in Fig. 8-12 is too 
crude and clumsy. The next step in the development involves 
the elimination of the filament rheostat and voltmeter. This 
is accomplished by employing a tapped filament transformer 
to supply the necessary filament and heater volta^ges required 
by the different tubes. By means of a simple tap-switch, mj 
of these voltages can be applied to either tube socket, as shown 
in Fig. 8-lB. In this circuit, the method of obtaining the **grid- 
^shlft” voltage involves the use of a portion, or all, of the 
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fO'Fmer secondary voltage as previously described in Art. 8-17, 
(and sbown in Fig. 8-7). Notice that when the **grld-«hif| 
test” switch button is pressed, the grids are connected to the 
5- volt tap on the filament winding. 

8-26. Providing for Rectifier Tube Tests. The tube 
checker developed thus far can test the type ^81 tube, and one 
plate of the type ^80 tube, by the ^emission method,” if some 



Eio, 8-18, — The tube checker circuit arrangement of Wim, 8*18 
further refined by employing a tapped filament winding and tK« grid 
bias shift method previously shown in Fig. E-7. 

means are provided whereby the low range 0-10 mllliatiitiieter 
can be made to read higher values of plate curfent. Ttiia may 
be accomplished by the addition of a meter shunt, which k eon- 
nected across the meter in series with a S.P.S.T. push-button 
switch which is arranged to cloae the circuit when in ite normal 
position, as shown in Fig. 8-14. The shunt k •witehed out of tot 
circuit by pressing the switch button, when reading low valuiw 
of plate current. 

It is also necessary to provide some suitable method for check- 
ing the emission of the second plate of the *80 rectifier tube, and 
also for detecting short-circuite or leakage between tot catoodt 
and heater of indirect-heater tuh^. Boto of to^ tiste ly^ in- 
corporated into our tube checker by employing anotoer ^»ket. 



CH. VIII 


THE TUBE checker 


187 


a S.P.D.T. push-button switch, and a S.P.S.T. push-button 
switch, as shown in Fig. 8-14. The first switch is so connected 
that the milliammeter can be inserted in either the plate or the 
grid lead of the 4-prong ^80 socket. Cathode-heater leakage is 
checked by opening the cathode circuit and observing the meter 
reading. Since, as previously explained, the cathode is the plate- 
return of indirect-heater tubes, no plate current should be ob- 



PiG. 8“14. — The tube checker circuit of Fig. 8-18 with additional 
improvements. A meter shunt and switch, as well as an additional 
tube socket and plate switch have been added to enable rectifier tnh^ 
to be tested. A catbode-beater leakage test switch has also be^ added. 

tained when this switch is pressed. Any reading of the milliam- 
meter indicates cathode-heater leakage, 

8-27. Providing for Tetrode and Pentode Tube Tests. 
— The 4-prong screen-grid tube, the pentode tube, and the 5- 
prong screen-grid tube require an additional 4-prong, and two 5- 
prong sockets. These sockets are incorporated into the tube 
checker shown in Fig, 8-15. The circuit is essentially that of 
Fig. 8-14, except for the additional sockets. The screen grids 
connect directly to the plates, so that the tubes are tested exactly 
as though they were triodes. The additional sockets required by 
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tetrodes and pentodes are merely for the purpose of connecting 
the screen grids to the plates, and the control-grids to clipe m 
shown. For the testing of triple-grid tubes having 6 and 7 
prongs, three additional sockets must be added, as shown in Fig. 



Fro, 8-16.-^The tub© checker circuit of Fig. 8-14 to hafc oinvIAwi 
^th additional sockets so that tetrodea and pNftntodfiMi wyay alto i# 
tested. 


8-16. The important thing to be noted here ie thet theee multi- 
element tubes are tested as though they sue triodw. 

8-28. Providing for Testing of Combinatloa Tutwe. 

In spite of the fact that our tester it now fairly conipiete, it ean- 
not test many of the combination tubes now in eommm vm. 
More sockets could be a,dded, requiring perhaps 90 to ha aU, 
but portability and weight would be aacrifloed. Ads^rUna ^wii M 
be employed, but they require a considerable amount of eto rift 
space, are generally considered a hindruioe when thsiy am not 







.t twv. A-C LINE t 

Wm. He^ addMoiial m^els haye b^ added to tke tel^ checker of Pig. 8 - 15 , so that triple- 
tel^ wmy atoo he totoL TMs dmut diagram is that of the finished tal^ checker designed in our 
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needed, and are usually found to be missing when required. 

Fortunately, however, combination sockets are available- 
sockets which can accommodate 4- and 6-prong tubes, 4-, 6-, 
and 6-prong tubes, 6- and 7-prong tubes, etc. By properly com- 
bining a number of these sockets, an up-to-date tube tester can 
be made requiring perhaps one or two adapters for special ci^. 
Such a tube tester, suitable for home construction, will be de- 
scribed in Chapter IX. 

8-29. Using Adapters to Modernise Tube Checkers. — 
Many service men owxi tube checkerH that an* out of ilati*. mid 
are therefore unable to test many of the new tube?^ umv in rcmi- 
mon use. The more serious deficiencies of tlicse obsulrte tulie 

checkers may be classified as follows: 

(J) Lack of required new sockets to accommodate the new 
tube bases and prong arrangements. 

(fB) Lack of proper circuits to apply napured test vol^i®wi 
to the various elements, and to provide proper Inter- 
connection of different tube alemenbi when necM»ary. 

(5) Lack of proper filament-supply voltages to operate all 
types of tubes. 

To modernize such testers, adapters must be used with itiem, 
unless there is sufficient space available on the t«iter panel for 
the addition of more tube sockets and the service man is able to 
make the necessary wiring changes in the ohaeker. This » not 
usually practical, 

Although it cannot be denied that the a^ase and tp^ed with 
which tubes can be tested are reduced when a large number of 
adapters must be employed, still there are many men who, for 
one reason or another, do not wish to replace th^ obsokto 
instruments. Usually, the use of adaptew for toting the nw 
tubes is the only practical solution to this priiblerii. A iiiirnlwr 
of adapters designed especially for this purpose will now be d#- 
scribed. Of course it is impossible to describe ©very typo of 
adapter here, because of the limited space available. Wm ihall 
try, however, to present here the fundamental idei« involved in 
the design of the more commonly used on«. With tibta 
knowledge at hand, the reader should be able to imd«r«toad m 
work out for himself the arrangements rcq\ilr©d for mj 
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8-30, How to Make Tube Adapters, — Some of the adapters 
now to be described are available commercially, but they can 
easily be made up at practically no cost by the service man, if 
he desires, by using the bases from discarded tubes and small 
tube sockets that can be fitted into the tube bases. Small 


Eig. 8“17. — A suggested arran^- 
ment for home-made adapters. The 
wafer type socket is fastened to the 
discarded tube base by means of the 
long machine screw and nut through 
the center. 



wafer type or button type sockets may be employed and held 
in position by a long machine screw passing through the center 
of the socket to the bottom of the tube base, as shown in Fig 
8-17. Short insulated wires are connected in the proper order 
between the hollow pins on the tube base and the tube socket 



Pig. 8-18.— Several commercial components for tube adapters. 
(A) A ‘‘button” type tube socket, (B) A “wafer” type tube socket. 
(C) Cut-away view of a moulded adapter base. (JO) A complete 
adapter designed to make it possible to test certain 7-prong tuh«i 
in 6-hole tube tester sockets. 


terminals before assembling. Of course, other mechanical 
arrangements than that shown here will undoubtedly suggest 
themselves. 

In Fig. 8-18 several typical commercially available adap- 
ter components are shown. At (A) we have a button type 
socket. At (jB) is a wafer type socket. At (C) is a cut-away 
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view of a moulded adapter bme whieii can be obtained with 
any number of prongs. The recessed portion tit the top i« 
designed to take the button-type socket of (/i). A coinplet© 
adapter designed to make it possible to teat 2 A 7 and 2 B 7 
tubes in the '24 socket of a tube tester, and test 6 AT, 6 B 7, 
6C7, 6D7, 6E7 and 6 F 7 tubes in the type socket of 
the tester, is shown at (D). Notice that it tiikea a 7-|irong 
tube at the top, and its bottom fits into a 5-prong locket. 

Various typical connection arrangcrneida for fununoa 
^‘adapting" conditions will now be studied, and the diagram** 
showing the exact connections requirtjd between the ba»o pronp 
and the socket contacts of the necc^ssiiry adapters will be given. 


♦Note: In order to derive the greatest benefit from this study, 
the reader is urged to consult repeatedly, the Tube Bme 
Chart which will be found in the Appendim at th# back of fhbi b<»ok. 
He should study the electrode, and socket-terminal, arrangements of 
each of the tubes discussed, as well as the terminal nrrangi*mc«tti «»f 
the tube-checker socket to be used in each case. In this way, a dear 
idea will be obtained concerning the circuit connections the adaptc^r 
must perform. 

In the diagrams of Pigs. 8-10 to 8-26 Inclusive, the prongn uf tha 
adapters have neen labelled with the old-style terminal nnirking.i H. 
K, F, G (denoting Heater, Cathode, Plate, and Grid, raspeetlvelyl 

CLIP TO CONTROL-«RID 



Fig. S-10. — (A) Wiring of an adapter for tealing the 57, Si* 
77, 78, 6C6, 6De, etc. tubes Tn the *27 or *^87 sook^ of eh#«ef»* 
(B) Adapter for. testing the 57, 58, 606, 6D6, etc,, in the ^14 or 
sockets. (C) A commercial adapter of this tyw. Motto# the ionlblo 
lead and clip for connecting to the control-grid «ip on the tmbo. 


since these are the ones which are likely to be found on the 
sockets of the old tube cheers into which tl^y wnsl b# 

The terminals of the mek$t portions of th«i« hav# bi^ii 

labelled 1, 2. 8, 4, 6, 6 in accordance with the newer EM A standard 
tube pin marking system, which is eiti|ioyed on tti# Vnbe Bmm €ofi^ 
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8-31, Adapters for Testing Triple-grid Tubes. — -When the 
tube checker comes already equipped for testing type ’27 or ’37 
tubes, the adapter shown at (A) of Fig. 8-19 may be used for 
testing type ’57, ’58, ’77, ’78, etc., triple-grid 6-prong heater-type 



Fig. 8-20. — (A) Wiring of an adapter suitable for testing the 
2A7, 6A7, 6D7j6E7, etc., tubes in a ^24 or '86 socket of a tube 
checker. (H) wiring of an adapter for testing the 2B7 and 6B7 
tubes in a '24 or '86 socket. (C) A tjnpical commercial adapter of 
this general type. Notice the toggle swfeh at the side. 

tubes. This adapter is made up of a 6-hole socket (at the top) 
wired properly, as shown, to a 5-prong tube base (bottom). 
The control-grid clip and lead are connected to the **grid” prong 
of the base, as shown. 

If the tube checker already has facilities for testing ’24 or ’36 
type tubes, the adapter sfeown at (B) may be constructed instead, 
since the necessary lead and clip which connect to the control- 
grid cap on top of the tube are already incorporated in the tester. 

Adapters for Testing “Combination Tubes.” — ^The 
adapter shown at (A) of Fig. 8-20 is constructed with a 7-hole 
socket and a 5-prong base for use in a ’24 or ’36 socket of a tube 
checker when 2A7, 6A7, 6D7, 6B7, and similar type tubes are to 
be tested. Should it be desired to test the type 2B7 and 6B7 
tubes, the adapter shown at (B) must be employed. 

A 7-hole socket and 6-prong base is used here, but a small 
S.P.D.T. toggle switch must be fixed to the side of the tube base 
to make possible the individual testing of the diode and p^tode 
portions of the tube. This adapter should be used in either the 
’24 or ’36 socket of the tube checker. 

nection Chart referred to above, and which will be found on all ttie 
newer sockets which may be used for these adapters* 
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^ adapter suitable for checking the type 65, 76, 86, 2A6 and 
similar type tubes in the ’27 or '37 socket of a tube checker is 
shown at (A) of Fig 8-21. This adapter is constructed with a 
6-hoIe socket and a 5-prong tube base with a small S.P.D.T. tog- 




ca^onT ) \ 

Mr w (j„ „y 

“• “■ I *i 

gle switch at the side for testing the diode and triwle portions 
of the tube separately. It the tube checker is equipped for test- 
ing type '24 and '36 tubes, the control-grid lead and clip 
disposed with by assembling the adapter shown at (B). 

The type ’53 twin-triode amplifier tube may tm tested in the 


JS.P.D.T. 
jTOfiqSLE 
5 SW. 


'».p.aT. 

TO««Lt 

SW. 


the ’27°8ockft;~|"V *nl?**//®*l ‘"■tin* the 53 tube in 

tube in the '87 socket of a t^ chsc^r. •^‘’•‘****’ t«»sting tbs *79 

A luJaptor d.p™ .» ZmZm 
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for testing the '79 twin-triode amplifier tube, in the '37 socket of 
a tube checker. A S.P.D.T. toggle switch must be installed on 
the side of the tube base of the adapter, as shown. This enables 
each plate circuit of the tube to be tested separately. 


Fig. 8-28, — An adapter for test- 
ing the '19 tube in the '46 socket 
of a tube checker. 


The type '19 B twin-triode class B amplifier tube may be 
checked in the '46 socket of a tube tester by using the adapter 
shown in Fig. 8-23. This adapter is also equipped with a 
S.P.D.T. toggle switch mounted on its side. This switch enables 
each plate circuit of the tube to be tested separately. 


fA) 

Fig. 8-24. — (A) Wiring of an adapter for testing 26Z6 tubes in 
the '27 socket of a tube tester able to supply 26 volts to the filament. 
(B) A single adapter for testing both the *19 and 26Z6 tubes. Two 
switches are employed. 

8-33. Adapters for Testing Tubes with High-Voltage 
Filaments. — ^A number of recent tubes have filaments designed 
to operate on higher voltages than were used in the old^ types of 
tubes — higher than the filament voltage which most, of ^ older 
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tube checkers will supply. When these tubes are to be? tested in 
old tube checkers, the proper filament voltage must iisiially be 
supplied by some external source, and adaptcri must be used. 
Two convenient combination external voltage source and adap- 
ter units for this purpose will be described in Arte. S-35 and 8«3§, 
If the tube checker is able to supply th© ncu'csKary 25-volt 
potential for the filament, the adapter siiown at (A) of Fig. 8-24 
may be constructed for testing the 25Z5 voltage-doubler tube in 
an old tube checker. A S.P.D.T. toggle switch is incorporated 


K 

tA) 

Fia. 8-26. — (A) Wiring of an adapter for teating th® 6FV tub® 
in the '87 socket of a tube checker. (B) Adapter for testing the 41 
and 42 tubes in the ^B7 socket. 

for testing each plate circuit separately. If the ooireet filimaat 
voltage is available, the adapter should be used in any aootoife 
of the tube checker which has its plate and cathode teminak 
in the conventional 6-prong position shown. 

If desired, a single adapter may be constructed fur Iciling 
both the T9 and 25ZB tubas, as shown at (B) of Fig. 8-24. Horn* 
two S.P.D,T. toggle switohea must be initalled, one m eacdi ikl# 
of the adapter, so that each plate circuit may be teilofi 
ly, and the grids and cathodes connoted to corrwt 
minals. The adapter is placed in the *27 socket for th# for 

the 10 tube; but the 26255 requires a filament volli^ of Si volti 
(see Art. 8-86). 

The adapter shown in (B) of Fig. 8-25 may be ornplitytHi to 
teat the ^48 power amplifier pentode If 26 volk U avallnhlo tm 
the filament. 

8-34. Miscellaneous Adapters. — ^Tht type iF7 tut* may to 
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tested in the '37 socket of a tube checker by means of the adapter 
shown at (J.) of Fig. 8-25. The S.P.D.T. toggle-switch enables 
each section of the tube to be tested in turn. The adapter 
shown at (B) permits the testing of power amplifier pentode 
tubes, such as the '41 and '42, in the '37 socket of any tube 
checker. 

The 6Z5 may be tested in the '37 socket of a tube checker 
by means of the adapter shown at (J.) of Fig. 8-26, A toggle 
switch is provided on the side of the adapter so that each plate 
circuit of the tube may be tested separately. The adapter 




Pio* 8-26. — (A) Wiring of an adapter for testing 6Z6 tubes in 
the *87 socket of a tube checker. (B> An adapter for testing 6Y5 
tubes in the *87 socket of a tube checker. 

shown at (JB) may be used to test the 6Y5 rectifier in the '37 
socket of the tube checker. Both plate circuits may be tested 
separately by means of the toggle switch. 

Many more tube adapter circuits could be described here, 
but it is felt that those already presented will give the reader 
sufficient knowledge of this subject to enable him to under- 
stand what adapters are, how they may be constructed and 
how they may be devised to perform any desired function. 

8-35. '*Na-ald" 950 T R Adapter for Testing Tubes with 
High-Voltage Filaments. — ^In Art. 8-33, the testing of several 
25-volt filament tubes in old-type tube testers was described. 
Obviously, very old tube checkers were not designed to supply* 
this high filament voltage. Of course, a new filament trans- 
former capable of delivering the required voltages could be built 
into the old tube checker, but this is usually a rather complicated 
(and often impracticable) task, and is not often advisable. 



19S MODERN RADIO SERVICING GH. VIII 

The problem hae been solved by one manufacturer of adap- 
ters, vrith the unit shown in Fig. 8-27. It is an adaptor oontam- 
ing a built-in filament transformer and switch, and not only pro- 
vides the necessary high filament voltages, but makes it poeaible 
for old tube checkers to test these tubes as well. This adapter is 
plugged into the '24 socket of the tube tester. Its transformer 
primary obtains its current (at 2.6 volts) from the heater prongs 
of the socket. Its secondary is designed to deliver 10, 13, 14, 16, 
25 or 30 volts (these are not all shown in the diagram of Fig. 
8-28) to the filament of the tube under test, so that it makes 

possible the testing of all faigb-voltage 
filament type tubes. Thus, it enables 
the old tube checker to test these tubes. 

As is evident from Fig. 8-27, m$ 
adapter has coinposite 4-5-6 proag 
sookets, i.6., sockets made to iak® 
four, five and six-prong tubas. Etch 
is identified by a letter referred to in 
the direction chart on the bottom of 
the adapter. It makes it poMiiblt to 
teat all high-voltage filament tubii 
such as the l2Za, 14, 17, 18, 252®, 
25Z5 (each plate), 43, 48, m, aB»A, 
272A, A22, A26, A2S, A30, A38p Am, 
A48, AE, HZ50, BAl, SOI ate. Its schematic circuit diagram it 
shown in Fig. 8-28. 

8-36. **Radio City** Model 205 Super Multidapter. —» A 
very comprehensive tub© tasting adapter, which iHmmmm ^verid 
unusual features and is desigaed to be used in rtiujtiurtiun wito 
any obsolete tube checker, is illustrated in Fig. 8-2®. Its clreull 
diagram is shown in Fig. 8-SO. It aims to elimiiiati the wual 
deficiencies of obsolete testers, and is desigaed to bring th©m up 
to date at normal cost* It also supplies correct filament wlta^ 
(up to 30 volts) for all of the high-voliage-filamtiftt type t«^. 

An unusual feature of this adapter is that it eau^ oH twb^i 
to be tested as triode$, since the tiiiod® te«i oirouil is funda- 
mental test circuit of almost all obsolete tub© cbwwkeiM. A dt- 
soription of its essential important featu^ follows: 



Court09V Aldm Froduoii Co, 

Fio. 8-27. - — A tube- 
checking adapter which 
enables tubes with high- 
voltage filaments to he 
checked. It has a self- 
contained step-up trans- 
former — ^see Fig. 8-28. 
(Na-ald 960TR adapter,) 
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Fig, 8-28, — Schematic circuit diagram of the special tube-checking 
adapter illustrated in Fig. 8-27, Notice the step-up transformer for 
stepping up the low filament voltage supplied by the tube checker, 
to the higher filament voltage required by some types of tubes. 


is inserted into the proper tube socket of the ada:^er (it has a total 
of 6 sockets, as can be seen in the illustration of Fig. 8-2^), 

When tubes having ^laments designed to opersite on 2.6, 8.S, © 
or 7.6 volts are being tested, switch 
is set at contact X This 
connects the tube filament circuit 
directly into the filament circuit of 
the tube checker; the tube checker 
supplies the correct filament volt- 
age. When testing tubes requir- 
ing flllament voltages which the old 
tub© checker cannot supply, this 
switch is placed at the proper volt- 
age tap on the secondary of trans- 
former n. The 5-volt primary of 
this transformer is now energized 
from the 30ilament terminals of the 
^OlA socket In the tube checker, ' 

and its secondary delivers the 

proper iftlainent voltage to the tube ^ ^ ^ ^ 

uniter test. This transformer wind- MmAU mtv Oe. 



ing is designed to deliver as high 
as approximately SO volts to tne 
filament. 

Besistor MX is connected into 
the plate circuit by pressing switch 


MmAU OU$f Oe. 

Fig. 8-29.— -The tube tot- 
ing adapter unit whose circuit 
diagram is shown In Fig. 
8 - f 0. (Super-imdJddjWite^ 
Model 206.>;. ' — 
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8Wtf serves to reduce the plate current to a safe vain# wh©a th# 
meter on the old tester goes off scale in cases when some of the newer 
high^late-current tubes are being tested. 

Pour flexible cords F, F, O, K (see Fig. 8-30) with miniature 
pings, permit ©very possible inter-connection of the involv* 

mg plates, grids, screens and cathodes, to be made easily and ciulcfcly, 
by inserting them properly into the tip-jacks /I, JM, etc.* provld^ 
on the panel. 

TOP V1«V/ 0#f 'iMOCKBiai I—... Ill,, 



circuit diagram of the tub# taitlng adaptot 
illustrated in Fig. 8-2&. The trana^rmer Tf step* up th# ilmment 
voltage supplied by the old-style tube checker to the proper 
required by all types of modern tubes. 


8-37. Dynamic Mutual Conductance Tuba Taat.— The oom- 
mon “grid-ehift” method of mutual conductance tMiing (Art. 
8-15), •whereby the grid potential is shifted by a d-o volte^, k 
really a test made under “static’' conditions and imposes Ihjrf- 
tations not encountered in the “dynamic" mutual oonduotaiMie 
test. The latter method is superior to toe “etatio" test in 
a-o voltage (instead of d-c voltage) is applied to the ipid fo* 
grid shift. Thus, the tube is tested under omadiUoas which s|h 
proximate actual operating conditions. The altomating ooai- 
ponent of the plate current is read by mewis of an m-c 
of^ the dynamometer type. Commercial tube testsfs employing 
this method of testing are available. 





ciH. vin 


THE TUBE CHECKER 


201 


8-38- The Power Output Type Tube Test.^ — ^The power out- 
put type tube test probably gives the best correlation between 
test results and actual operating performance of a tube- 

In the power output test for Class A operation of tubes, a-c 
voltagre is applied to the grid of the tube. When this is done, the a-c 
output voltage developed across a load impedance in the plate circuit 
is measured. From this, the output power is calculated. 

In the power output tesi for Class B operation of tubes, while 
an a-c voltage is appned to the grid of the tube, the current in the 
plate circuit is read on a d-c milhammeter. The power output of the 
tube is approximately equal to: 

Power Output = in Amps.)^ X Load resist, in ohms 

(watts) ^ — — -g— •• 

and may be calculated by this relation. Commercial checkers em- 
ploying this power output test method are available. 


REVIEW QUESTIONS 

1, What is the difference between the type of test provided for in 
the usual *^counter type*' tube checker, and the tube testing ar- 
rangement provided in a portable set-analyzer? 

2. What is the advantage, if any, of the former for testing tubes? 

8. State two reasons why the **replacenaent test" for tubes is not a 

satisfactory test under modern set conditions. 

4. Draw a sketch showing all of the electrodes, in their proper 
relative positions, in a pentode tube. Explain the function of 
each electrode. 

8* What test is applied to rectifier tubes to determine their con- 
dition? Explain! 

€. What is meant by an ^English-reading" tube tester t Explain! 

7. Explain in your own words, just what is meant by the ^‘mutual- 
conductance" of an “ampllfter tube". 

8. Why is the mutual-conductance test good for amplifier tubes t 

9. What is the fundamental principle of operation of mutual-con- 
ductance type tube testers? Wnat are their advantages over 
emission testers? 

10. What two methods are employed in tube checkers to obtain plate- 
current changfst 

11. Draw a simple sketch illustrating one of these methods, and 
explain it. 

12* In the sketch drawn to answer the preceding question, show the 
usual method employed to perform a cathode-heater leakage teat. 

18. What are the advantages of using tube adapters with an obso- 
lete' tube checker? What are the disadvantages? 

14. Tour tube diecfcer can test a type *87 tube. Draw a diagram of 
an adapter that would enable the testing of a '6Y6 tube using 
this same socdoet. 

18. Draw a sketch of an adapter for te^stlng the @F7 tube In the *87 
socket of a tube checker. 

16. What filament voltage provisions must your tube dtecdsar have 
for testing both the type 48 and 2528 tubes? 



CHAPTER IX 

HOW TO CONSTRUCT A MODERN TUBE CHECKER 

9-1. Introduction. — In spite of the great number of exoei- 
lent commercial tube checkers which are available, many aer- 
vice men prefer to build their own instruments, either because of 
the personal satisfaction obtained thereby, or for reasons of 
economy. In any event, it is certain that a service man will 
have a good idea of the limitations of his instrument if he haa 
constructed it himself. The one difBculty involved is that of 
calibration of the finished instrument. A great variety of "good" 
tubes are required for this calibration, and each tube mutt be 
tested carefully. If the proper variety is available, good calibra- 
tion is simply a matter of time and patience. If it is impoHnibk 
to secure the proper number and class of tubes of each type, the 
instrument may be used only for comparative purpcwes—the 
change in plate-current reading of a similar tube in the set (a 
tube known to be good) , is compared to the change in reading 
of the tube under test. 

For those interested in constructing their own tube checkeni, 
the design and construction data for a modeitj, practical in- 
strument is presented in this chapter. This instrument makes 
practical use of the “grid-shift” method of amplifier tube testing: 
studied in the preceding chapter. 

9-2. Which Tubes the Checker Will Test. — It is natural 
to suppose that before considering the construction of any tube 
checker, the reader will desire to know just which typ«» of tubes 
the checker will be able to test. This instrument is capable of 
testing all of the tubes (approximately 150 different types) listed* 
in the chart of Art, 9-19. Its circuit arrangement is so fimdble 
that it is probable that it can also be adapted to test most of 
the later types of tubes which may be marketed to the fuhire.* 

*NoTa; Sm footnote st bottom of page Sit, 

m 
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9-3 . Two Possible Socket Arrangements Considered, — 
Before deciding upon the exact design of the checker, de- 
scribed in this chapter, two possible arrangements were con- 
sidered. Either a multi-contact multi-gang switch could be em- 
ployed with individual 4-, 5-, 6- and 7-prong sockets, or, a 
larger number of individual sockets could be used to accommo- 
date all the tubes, without this complicated switching arrange- 
ment and wiring. The first design would require rather com- 
plicated wiring and a fairly expensive switch not readily ob- 
tainable by individual constructors. The use of a number of 
individual sockets would eliminate these dif&culties. Therefore, 
the latter arrangement was adapted- Since ^'composite'’ type 
tube sockets for 4-, 5- and 6-prong, 6-, 6- and 7-prong, and 
5- and 7-prong tubes can be procured easily and at small cost, 
the tube checker was designed with sockets, enabling over 
150 different types of tubes to be tested. The circuit diagram 
of the complete tube checker is shown in Fig. 9-1. A suggested 
layout for its front panel is shown in Fig. 9-2. 

9-4. How Amplifier and Rectifier Tubes are Checked. — 
Amplifier tubes are tested by means of the grid-shift method, 
which indicates their ^'relative'^ mutual conductance. The 
mutual conductance is determined by changing the bias on the 
grid of the tube by a definite amount (always 7.5 volts), so 
that an accurate *^tube condition*’ chart may be prepared. Be- 
cause of probable differences in the parts which may be used 
in the construction of this instrument, and the possibility of 
variations in line voltage, etc., no chart of plate-current limits 
is given here. After the checker is completed, several tubes of 
each type, which are known to be “perfect”, “fair” and “poor”, 
respectively, should be tested, and the plate-current change ob- 
tained for each of them should be noted and recorded, so that a 
complete chart (see Art. 9-19) may be prepared and used for 
all future tests. 

The circuit has been arranged to provide comparatively 
large changes in plate current reading, so that the relative mutual 
conductance (see Art. 8-15) of any amplifying tube may be 
determined quickly and easily. Both sections, or plates, of rec- 
tifier tubes and combination tubes may be tested. Rectifier 
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tubes are tested for “plate emission'"* Cathode-ljeater leakage 
tests, a test for “short-circuited" elements, and a “gas test” can 
also be made. 

9-5. Meter Ranges Available. — -The meter «‘mphiytHl in 
the tube, checker is a 10 ma. d-c milliammoier. This range 
was selected so that a large deflection would ba obtained whm 
testing most detector and amplifier tubes. For power ampli- 
fiers and rectifiers, and for those tubes which have a high plat# 
current, the fundamental range of tlie meter ii extended to W 
ma. by means of a 50-ma. shunt. This shunt is normally con- 
nected across the meter so that the 50-ms, rang# is the o©# 
normally obtained, but by means of the normally 
circuited S.P.S.T. push-button switch iS5, it may be rtunt>vtHi 
quickly from the circuit to obtain the lower range. This ar- 
rangement serves as a protection for the meter. 

9-6. Filament Transformer and Svritche#.— All heater and 
filament voltages are supplied by a small, tapped filament trans- 
former, T, providing voltages of 1.5, 2.0, 2.5, 3 5.0, 0.3, 

15.0, 26,0 and 30 volts. Any om of these voltagw may be Im- 
pressed upon all of the test sockets through the 12 point tap- 
switch Slj so that tubes of like characteristlos or elMlrod# 
arrangement (but of different filament or heater rating), may be 
tested in the same socket. This system also reduce# the 
bility of a tube being burned out accidentally beoauae of inatr- 
tion in the wrong socket, since the voltage at each ioek®t la 
same at any one setting of the switch. These filament voll^w 
are also brought out to a pair of pin-jacks locate on Idle aid# 
of the panel, permitting external, overhead-heater type tul^ 
to be tested by means of an adapter. Then® pin-Jaeki 9dm pm* 
vide a convenient outlet for the low-voltage a-o, whith may 1^ 
utilised in conjunction with an a-c mllliammeter or vollmtt«ri, 
for checking high capacities (see Art®. 6-5 and 6-0)* 

The primary of the transformer is tapped for 105-, 115-, mA 
125-volt operation, permitting, by means of the S.P*T.T. 
switch S-ff, the making of tube testa under eoio^aatly 
filament- voltage conditions, ev«n tihoug^h tih© uauid in 

line voltage may be enoomatered. Of eour^ ttie **pla^*^ wife", 
ages will vary with any line-voltage varlatioai. Bimm ttia Ifpi;';:; 
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of switch has a ^'neutral” position, it also serves as an ^*off-on'' 
line switch. 

9'-7, How ‘'Short-Circuit”, “I^eakage” and “Gas^^ teats 
are made. — “short-circuit” test has been incorporated in the 
checker to prevent damage to the milliammeter in the event that 
a tube having two or more elements short-circuited together is 
inserted. Before a tube is plugged into any of the test sockets, 
the S.P.D.T. toggle-switch SS should be thrown into the “short” 
test position. The small 6- volt pilot light bulb will light up if 
the elements of a tube are short-circuited to such an extent that 
the meter might become damaged. This flash of the bulb serves 
as an instantaneous warning. 

A separate cathode-heater leakage test is provided by means 
of the closed-circuit S.P.S.T, push-button switch SIB. Because 
of its position in the cathode circuit, the meter reading should 
drop to zero immediately, when this switch is depressed. If 
any deflection is obtained, it indicates that there is either a 
leakage path or a “dead short” between the cathode and the 
heater of the tube. 

Control-grid-to-cathode (or to filament) short-circuits will 
be indicated, when the “grid test” switch button is pressed, by 
no change in the meter reading. 

“gas” test is provided by the 500,000-ohm resistance JK5 
in me grid circuit. This resistance is shunted by a closed-circuit 
S.P.S.T. push-button switch, S6, and is normally short-circuited 
by this switch. When the switch-button is pressed, the presence 
of gas will be indicated by a change in plate current, due to the 
voltage-drop across the high resistance. This voltage-drop is 
caused by the grid current which flows if the tube is “gassy”.> 

9-8. Testing Rectifiers and Combination Push-pull Tubes. 
— ^The second section of dual-purpose, or push-pull, tubes and 
the second plate of rectifier tubes are checked by means of the 
S-P.B.T. push-button switch SB, Each diode of duo-diode type 
tubes is given an individual test as a rectifier by pressing the 
S.P,D,T. push-button switches S9 and 810. At the same time, 
however, it is necessary to press the “second plate^^ switch, Sf, 
in order to disconnect the regular plate element from the circuit 
and connect the diode section of the tube to the meter. 
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9-9. Types of Sockets Employed,— Ai will be seen from 
the circuit diagram of Fig. 9-1, only 12 test ar# mxt- 

ployed in the instrument,* Ten of these are of the 
type. These were used purposely to reduce the numbwr of 
different sockets to a mininmni, and to provide for the 
of future types of tubes whose characteristics may be such at to 
permit their being tested in one of the twelve sockete. 

Three of the composite sockets are of the 4-S-6-proag type. 
Typical sockets of this kind are illustrated at (A) of Fig. 

These sockets have 9 contacts, only the filament contact* bwif 
common. A composite 6- and 7-prong socket, pictured at (B), 
is employed for testing 5- and 7-prong pentode tube*, «uch m 
the 46, 47 and 59. This socket has eight eoniacta, all 
common except the No, 4 contact of the 5-prong and the No. f 
contact of the 7-prong portions. Two composite 5-f>-7-f>rimg 
sockets are also used. One is pictured at (C), Of the remaining 
six sockets; four are of the composite 7-proni type for both small 
and medium 7-prong tubes, pictured at (/>). The other two lurt 
standard 6-prong sockets. A suggested panel lay out for A# 
entire checker is shown in Fig, 9-2. 

9-10. What Socket No. 1 Tests.— The first socket, No. I 
in our tube checker (see Fig. 9-1), is a r«»mpnh'ifc 4-5-S-pr«ttg 
type for testing all triode amplifiers such m the ^lA, M, ; 
27, 66 etc.; pentode amplifiers, such m the 41, 42, 48, LA, eto,; '■ 
and all half-wave cathode type rectifiers, such »« the 1, l¥, ' 
6Z3, 12A3, AD, etc. When these rectifier tub«i aw a,, 

cathode-leakage indication will be obtained only wh«tt tibe “pia ; 
test^' button is pressed. Becaui^ of the presence of ttie ftOOjOW- 
ohm resistor MS, a aero reading should not be cxpindvtl, 

9-11. What Socket No, 2 Tests. — “Socket No f i« al^ a 
composite 4-5-6-prong type. Here, almost every tube of mtm& 
grid construction such as the 22, 32, 24, 35 , 51 , 57 , 77 1 f% 1 

6C6, 6D6, etc., may be checked. j 

9-12. What Socket No. 3 Tests. — Socket No, f is a com* ; 
posite 5- and 7-prong unit described prmmmly for Ube of j 

pentode tubes such as the 59, 59B, 47, %ypm, etc., and dual pdd t 

« Additional 8-prong sockete mmy aid^ for : 

“mctaP* tubes. , 
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amplifier tubes such as the 46, 49, 62, LA, etc* 

9-13, What Socket No. 4 Tests.—Thia i« the last of the 
composite 4-6-6-prong test sockets. This socket will alto be u^ 
a great deal, since full-wave rectifying tubes, such as the m, 
etc.; twin grid detector tubes, such as the 29, 69 and 76; dupl«K 
diode tubes such as the G2, G4, Wunderlich B. etc., may b# 
tested in it. 

9-14. What Socket No. 5 Tests.— A 6-prong socket h 
employed as our fifth test socket for testing the dual tubes type 
19 and 79, and the voltage-doubler 26Z6. The S.F.D.T. iwli^ 
S7 is connected in this circuit. This switch should be 
only when testing the type ^79 tube. Unleiw this is done, m 
plate current change will be noted when the *%rid tost** buttw 
is pressed. To test for cathode leakage in the 26Z6, the **gii 
test*’ button must be used, just as in the case with half-wav« 
cathode-type rectifiers. A ^*»ero'* reading, however, thould nol 
be expected. 

9-15. What Sockets Nos. 6, 7, 8, 9 Test.— The tyi^ HI 
push-pull output tube is tested in socket No, #, a ctunposile 
7-prong socket. Socket No, 7 is a 7-prong <’omptndti* type im 
the testing of 2F7 and 6F7 tubes. Socket No, ^ is a simndard 
6-prong socket for testing the 6Z6 and 12Z6 tubes. It thouid 
be noted that one *%eater” terminal of this socket is left un* 
connected. Socket No, 9 is also a 7-prong riuupoMifi* type tm 
testing the 2B6 push-pull output tube. Because the input eaUi-. 
ode of the 2B6 tube is tied internally to the output grid, It ta 
necessary to depress the S.F.D.T. switch SB, and the 
plate** switch, when the input portion of this tub# i* IWttg 
checked. Leakage between the input cathode and lieattr it 
by pressing both SB and the regular ^ieskage** button. 

9-16. W’hat Socket No. 10 Teats.— -Tills is a 
5-6-7-prong socket for testing the penti^rld coaverteni tAf# 
6A7, 6D7, 6E7, etc., and duo-diode ampllflew such m toe 
86, 2B7, 6B7, etc. Diode current for each diode i» oh^k^. 1^ 
first pressing switch jSP and then switeh SlO, whilt hoMlig 
down the ^'second plate** switch button. 

9-17. What Socket Ho. 11 Teibi.^TMs is m 
composite type socket for testing the 12A6 imd iYf lufet#. Tb#' 
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latter tube is a rectifier employed in many automobile radio 
receivers. 

9-18. What Socket No. 12 Tests. — The twelfth and final 
socket of our tube checker is a composite 7-prong type for test- 
ing the 12A7 tube. This tube is a combination pentode ampli- 
fier and half-wave cathode-type rectifier. Provisions for testing 



Fig. 9-2.- -A suggested front panel layout for the tube checke/ 
of Pig. 9-1. 

this tube were included because it has been used in small midget 
receivers, thousands of which are in use, and it may be used in 
more receivers in the future. 

9-19. Test Chart for the Tube Checker. — For the reasons 
already explained in Art, 9-4, a complete test chart for the 
tube checker will not be given here. However, a list of the tubes 
which may be checked, filament switch setting, and the number 
of the particular socket which each tube must be inserted into 
for test is given herewith. The tube type numbers are arranged 
numerically and alphabetically in Column 1. The second column 
indicates the setting of the filament switch 81 , In most cases, 
the voltage indicated is correct for that type tube, but since no 
3-volt# 12.5-volt, or 14-volt taps are available on the pow«r trans- 
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Tub& 1 

1 S«tFil. 

1 Us0 1 

Typ0 

f Sw, at 

Socket 1 

^ (Volts) j 

j 


'OOA 

’OlA 

'OlAA 


Typ0 


I 


S0t FC 
Sw,mt 


Sf) 

6<? 

KMf A 


•Zb 


Is^ 


5.0 

5.0 
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Test Chaet (Cont'jd.) 


, Set FU. 

j XJse 1 

Sw^ at 

I Socket 1 

(Volts) 

L 


S.3 

5.5 

7.6 
7.6 

7.6 

1.6 
16.0 
16.0 
16.0 
16.0 
15.0 

15.0 
15.0 

6.8 

15.0 

2.6 

6.0 
2.6 
2.6 

2.5 

2.6 
2.6 

6.0 

16.0 

6.8 

6.0 

6.8 

2.6 

6.0 

6.3 

2.6 

6.3 

15.0 

15.0 


SetFU. 
Sw* at 
(Volts) 


I Wunderlich 
I B 

Wunderlich 

BB 

1A6 

1C6 I 
2A8 
2A6 
2A6 
2A7 
2B6 
2B7 
2F7 
BZS 
6A4 
It 6A7 

I 6B7 
6C6 
ec7 
eve 

6D7 

6E7 

6P7 

6Y6 

6ZS 

6Z4 

6Z6 

12A5 

12A7 

12Z3 

12Z6 

25ZS 

2526 


Use 

Socket 

No. 


^mer, the nearest voltage to that required has been 
Three-volt tubes are tested on 3.8 volte, ^ 12?-voIt aL 14-voJt 


eock^ta *whe eockets. A 4-B-e pronv 

I. eho^ t*t [i ] : S I « 5-6.T gJSSf 


tubes are tested cm U volts. The application of this 


eacoessive 
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voltage for the minute or two required for the test will cause no 
damage to the tube. Of course, it should not be applied too 

9-20, Parts Required for the Tube Checker,~The pari* 
used in the construction of this tub© checker shmilti all 1^ 
high grade and selected with some care. There are m tpeciid 
parts used, and all may be readily secured. Following m a lift 
of parts required:* 

1 panel and case 
1 10-ma. milliammeter 
1 50 ma. shunt for the milliammeter 
12 sockets: 


3 — 4-5-6-prong composite 
2 — 5-6-7-prong composite 

1— 5-7-prong composite 

4 — 7-7-prong composite 

2 — 6-prong (standard) 

12 switches: 

1 — 12-pomt tap-switch (Si) 

6 — S*P,D.T. push-button type switchei (M, S4, ST, M, 
S$, SIO) 

3 — S.P,S.T, push-button ^'closed'* tyf>e (SS, S&, SH) 

1 — S.P.D.T. toggle switch {SS} 

1 — S.P,D,T, toggle switch (Sli) 

1— filament transformer, L5, 2.0, 2.5, 3.3, 5.0, 7J, 15,0. 

25.0, 30.0 volts; prima,ry tapped at 105, 115. 125 mlU. 

1 — 1,500-ohm wire-wound resistor (25 wat^i) (Ri) 
1—1,000-ohm wire- wound risistor (25 watts) (RM) 

1 — 600,000-ohm carbon resistor (R5) 

1 — pilot-light socket 

1— 6 V. pilot light 

2 — tip-jacks ^ 

1 — control-grid clip and lead 
Miscellaneous wire, solder, screws, nuts, tic. 


'^Noot; Bight-prong soefcsti may he add^ aad witt^ liite ^ 
ci wait properly m ord« to make it possIWs to all **Bi*taf* tyiMl 



CHAPTER X 


TYPICAL COMMERCIAL TUBE CHECKERS 

10-1. Introduction. — ^The descriptions of the commercial 
tube checkers presented in this chapter are intended to illustrate 
actual design features rather than to provide additional data for 
home-construction purposes. A study of these data will show 
the various methods of test used. Some designs, especially for 
counter models, use the familiar emission test; others use the 
more appropriate mutual conductance test. As explained in 
Chapter VIII, both tests have their merits, and choice depends 
mainly upon individual opinion. 

While the author has endeavored to describe the latest 
testers available, a few tube checkers one or more years old 
have been included purposely in order to illustrate some unique 
and instructive principles of design. The descriptions are ar- 
ranged in alphabetical order according to manufacturers, for 
convenient reference.* 

10-2. “Confidence” Model C Tube Checker. — ^The Con- 
fidence Model C Tube Checker, shown in Fig. 10-1, has been 
designed to test all receiving tubes without the use of adapters. 
Many new tests may be added without any changes, because 
blank switch positions are provided for special tubes which may 
be introduced in the future. 

The instrument is manufactured in several types for portable 
or store use. The 18 sockets with which it is equipped allow the 
elements to be tested as in a radio receiver. Tubes having more 
than one working element, such as the 2A6, can be tested separ- 
ately. These tests are distinguished by abbreviated marldngs 
on the tube chart. 

When tjjie selector is pointed to any number on the panel, 
every socket gets the same filament voltage simidtaneously, thus 

*Notii: The tube checkers described in this chapter may he 
adapted for testing all "octal-base” all-metal type tubes if the "st»n- 
dard” adapters available for this purpose are usedi with them. 
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elimliiatittg the poasibility of any injury to a tube by placing it 
in a wrong socket. Fifty-five fixed shunts cover the ctnuplete 
range of currents of the tubes tested. 

An interesting feature of the design of this tester m that each 
tube is tested with a fixed bias, and plate voltage is applied 
through a transformer having relatively high regulation. Tliii 

combination la so iiclj listed that 
the tube is operated at a airaigtit 
part of its plate-current grid- 
voltage characteristic, m that the 
swing of the meter pointer from 
either side of normal is propor- 
tional to the change in plate im- 
pedance, or emission, from nor- 
lUfiL Hence, the swing of tbt 
needle is prupuHinnal to the 
amount of ^^poomess'* of the 
tube. 

Tubes with ihort-eireuit^ 
elements will not injyi^ the 
meter on this tester betmime the 
relationship betwi^n the 
lation^* of the transformer out- 
put, the hot retiitane# of 
pilot lamp and the shunt valu^ 
limit the flow always within a 
safety factor. 

Line-voltage conditions are adjusted by turning tiie 
knob to V before placing a tube in one of tih© Tbt 

meter needle is adjusted to the single line drawn on Ih# m©t«r 
scale, by rotating the small Adjmt Idm knob In Ih© upper 
light-hand comer of the instrument panel. 

Any short-circuit from plate or screen-grid to i^id, oa^odt, 
filament, supprea.Hor, etc., will automatically i^t Skmti 
indicator lamp brightly. Some of the hlgh-plati!-cnrrt‘ni ty|^ 
tubes will cause a slight glow In yie Indicator lamp wh^ 
are being t«t^. This is caused by hmry drain and is not to 
be-confused with the bri|^t light occasioned hy a sbort-clrcuitiul 



d pp0r»im O#. 

Fio. 10-1 .—The Confidwice 
Model € tube teeter. Note 
the large number of sockets 
employed. 
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tube. Small 2.5- and 6-volt dial or pilot lights may be tested 
by inserting them in their respective sockets located in the panel 
above the large selector knob. The setting of this knob does 
not affect these tests. 

A movable-coil type meter indicates the results of the test, 
and registers the worth of the tube as either Bad or Good on a 
colored scale (^'English Reading Scale^O- 

10-3. Confidence ‘‘Special” Tube Seller. — ^The Confidence 
Special, shown in Fig. 10-2, is a portable instrument which tests 
over 130 types of radio tubes, in- 
cluding special Arcturus, Kel- 
logg, Kenrad, Majestic, Sparton 
and Wunderlich types (as listed 
and arranged numerically on the 
tube chart supplied) without the 
use of adapters (Kellogg ex- 
cepted) . 

The principle of test is the 
same as that employed in the 
Model C Tube Checker. The 
movable-coil type meter is 
protected against possible injury 
by a shorted tube by means of 
a pilot lamp, which indicates 
short-circuits from plate or 
screen grid to any other element. 

A separate cathode-to-heater 
short test is also included by means of a push-button located to 
the left of the large selector switch. 

Blank switch positions are provided for special tubes which 
might be introduced in the futxrre. Each diode plate as well as 
the pentode and triode sections of dual-purpose tubes are tested 
independently. The condition of any tube is indicated by the 
colored meter scale as Bad or Good, Line-voltage variations 
are compensated for through the use of a 19-tap primary; hence 
this tester can operate from line voltages from 100 to 130 volts. 

10-4. “Dependable” Model 303A Tube Checker. — This 

tube tester has several features which distinguish it from others 



Oowrleay Apparatu$ DeHgn €o. 


Pig. 10-2. — The Confidence 
special tube tester. Note the 
unique selector dial at the 
center. 
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X numbers of all fli® which it 

of tihe same type. The j uwtm- 

^T. orS'i”-. i. »>.Uh U,. tub. typ. .pp.™, tb. 



Win 10 - 8 . ■— "Depend*^" 

wSlel 8 p 8 A 

ichemstlc circuit dia gram iw 
this Instrument I* shown in Fig. 
10 - 4 . 


. 1 *yw -witch is routed to the proper terminal, ako 

filamwt selector swi tvnes and the teat k made, 

etched in the ooluimi of short-olroult UaU, gaa 

This instrument of the gridnUift 

tests, and mutual-oonductanoe testa by mesne o 
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by short-circuiting a 0.1-megohm resistor connected in the grid- 
return lead of the transformer. The ^‘short-circuit’^ test is 
made by connecting an 18-volt pilot light and a 900-ohm re- 
sistor in place of the meter. Excessive current is indicated by 
the lighting of the lamp. 

Only five sockets are used to test all tubes — a 4-, 5-, 6- and 
two 7-prong types. The tube to be tested is merely placed in 
the one socket in which it will fit — all 4-prong tubes in the 
4~prong socket, all 5-prong 
tubes in the 5-prong socket, 
etc. 

The use of this tester in- 
volves two operations. Eirst, 
the tube to be tested is in- 
serted in the proper socket 
and tested for short-circuits, 
gas, etc. Then the Bias-Test 
switch is thrown, and the 
reading noted. The differ- 
ence between this reading and 
the one obtained before 
throwing the switch is the 
relative mutual conductance 
of the tube. The correct 
value for any particular tube 
is indicated on a chart fur- 
nished in the cover of the in- 
strument. It should be noted that this instrument follows closely 
the test procedures discussed in Chapter VIII. 

10-5. ^‘Dependable” Model 304 Tube Checker. — ^Figures 
10-5 and 10-6 show, respectively, the photograph and schematic 
circuit diagram of this tester. In contrast to previous types of 
this manufacturer, this one is of the direct-reading type 
(English reading). This feattnre obviates the necessity for re- 
ferring to external charts for the determination of the worth 
of the tube tind«r test. The instrument scale is calibrated di- 
rectly to indicate whether the tube is Qood, Bad, or Qmstmnahie^ 
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. Fig. 10-6. — Dependable Model 
S04 tube tester. This is a direct- 
reading tester of the emission- 
test type. Its schematic circuit 
diagram is shown in Fig. 10-6. 
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In onntrast to th© model 303A, this inatrumont operate® on 
the emiselon principle— the meter in the plate circuit iiidlcftta® 
Ui© average plate current, Ftirt hern ion*, since a-c Is used on 
the plat© of the tube under test, the indicationi of the meter 
also depend upon the plate conductance | plate current change 
divided by plate voltage change). 

In almost all types of cmussion testers, it is essential tliiit the 
voltage appliecl to the tube he accurate within ekwis Ilniiis, else 
the direct-reading scale will he inaccurate. For this reason a 



Fici, lo-a, — 
Hchematic cirenit 
«U«irrmfa of th« 
tuW tauter illna- 
traled i n Fig, 
i0.». 


second meters MM, is i)C!rmiinenily connected i»r<^ th© j^ondarf 
of th© fiiam.©ttt transformer, A roiistanee^ FU-I, in the prim- 
B^ty circuit varies the applied voltage until th© meter rsadi Hit 
proper value, indicated by a single line on Hi® motor Male. 
This meter has a maximum voltage range of WS> volts, smd is 
connected across the 25-volt winding of toe ^^daiy. 

A **shoirt'^ and ^leiAiimse^* indleator is incorporatotl in Hie 
toitot, and is opwated by means of to^ awritoti SWi* TMi 
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switch, when rotated, indicates a direct short or leakage between 
any two elements. The neon lamp LI glows brightly for a 
direct short, and lights moderately for leakage. The rating of 
this lamp is but 1/26 watt, and it will indicate leakage up to 
2,000,000 ohms. Eight different combinations for indicating 
inter-element shorts and leaks are available with this switch. 

The two selector switches SWB and SWS are used for test- 
ing purposes. SW^ has twelve positions, A to M (the letter 
I is not used), and ST75 has twelve position, iV to Y. A sep- 
arate tabulation shows the setting of these switches for each 
tube to be tested. The instrument is made in both portable and 


Pig. 10-7. — The Franklin 
Model H-38 tube checker. 
Its schematic circuit diagram 
is shown in Fig. 10-8. 


Courtesy Franklin. Radio Products Oorp. 

counter type models to meet the requirements of both field work 
and store use. 

10-6. ‘‘Franklin” Model H-33 Tube Checker. — This tube 
checker, shown in Fig. 10-7, is a portable instrument for use 
on 110-volt, 60-oyole lines. Eight sockets are mounted on the 
instrument panel to accommodate all the tubes tested. A com- 
bination meter is employed, with ranges of 0-500 volts, 0-10 
ma, and 0-50 ma. The schematic circuit diagram is shown in 
Fig. 10-8. 

When checking a tube with this tester, it is important that 
the tube be inserted in the socket having the proper filament 
voltage. The two toggle switches on the top of the panel con- 
trol the filament voltages applied to the 4-, 6-, 6- and 7-prong 
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Awfe ^ ^ iU^ra^ ia Fig. IM. 
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sockets. By properly setting the switches, 2.5, 6.3, 15, and 30 
volts are available at the sockets. Tubes of the 1.5-, 2.0-, 5.0- 
and 7.5“Volt types are checked in the sockets so marked. 5-, 6- 
and 7-prong tubes of the two-volt series are tested in the 2.5 
volt position, and 3. 3- volt tubes are tested in the same manner. 
Tubes with a hlament rating of 25 volts are checked in the 30- 
volt position, and 12.5- and 14- volt tubes are checked in the 
15-volt position. 

By pressing a switch button, the second-plate reading of 
full-wave rectifiers may be obtained. The usual type of test 
has been provided for determining cathode-heater leakage. The 
button marked *^Press jor 10 ma!* is a shunt release for the 
50 ma. scale. When this button is pressed, the full-scale de- 
flection of the meter is 10 ma. 

An interesting feature of this tester is that the high-voltage 
(plate) circuit employs a copper-oxide rectifier and filter so that 
d-c is impressed on the tubes. In order that each type of tube 
may be tested with the proper voltages, a resistance-type voltage- 
divider network is used. 

In addition to checking tubes, the H-33 tube checker has 
facilities for measuring circuit continuity. The voltage for the 
ohmmeter is supplied by the self-contained rectifier which de^ 
livers approximately 200 volts. A separate chart is used to 
determine the value of resistance measured. 

The same 200 volts used for the ohmmeter is available for 
external use also. Thus, the instrument has provisions for ob- 
taining 200 and 50 volts at separate terminals. The 60-ma. 
meter range is also available, as shown on the schematic cir- 
cuit diagram of Fig. 10-8, 

10-7. ‘‘^Readrite” Model 421-422 Tube Checkers. — ^The 
distinct feature of this tester (both testers are the same elec- 
trically) is the fact that it is of the ^^English-reading^' type and 
works on the mutual conductance principle. The mstrument is 
tdiown in Fig. 10-9 and the schematic circuit diagram in Fig. 
10-10. The instrument has two selector switches, one for heater 
tubes and one for filament types, a separate line meter f or <dieol£-*> 
ing the voltage of the line, and twelve tube sockets. 
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operation is m follows. The tube number im notocl* and 
the seleetor switeh marked M, S, etc., in aet to the proper 
position Indicated by a chart aupplied with the Inatnimeiit. The 
second selector switch marked A, B, C, k also mt to the rvti%iinHl 
position as indicated on the same chart. The tiilio is placed in 
the designated socket arui the toggle switch is thrown on. The 
line-volt ugf rheostat is then mljusted until tlie liiie-iiifter |w»iitt<*r 
reaches a single line ruled on tim scale of the metisr. Aft«r the 
tube has heated, the reading of the meter i» noted aiul the test 
button is preBfte<!. A ‘^good*' tube will be inciicated !>y the tloflec- 


Fio. lO-P. — Etadrlti 
Model 42t-4t2 tulje ehmk- 
ers. Notieo the direct* 
rtadiing seal® of the tatter 
which ladkattt ih« condh 
tioa of th« iuh§ In 
of gtmd and poor. 


He»4fU§ M0i»t Wetk* 

tion of the pointer on the dark grmn portion of the shaded temle. 
tubes will indicate on the dark md portion of tlie m9l%. 

The cathode-heater leakage test used i« similar to that «c- 
plained in Art. 8-20— no reading of the meter when the 
leakage button is pressed indicates no leakage. Tli# t»fe for pid 
short-circuits involves the use of the same meter n^l for in- 
dicating the condition of the tube. If prying toe **ihort^* but- 
ton brings the mater reading down to, but not qulto, tot 
tub© is not shorted; if to© meter reading remaims unrhfinged, 
toe tube is shorted. The system uiwd for tots ^it may 1^ de- 
termined from a study of the oiroult diapam. 

10-8* **Suprimae** Mode! 65 Tube TmtMg Wmm: 

The Supreme Model 6i, toowa in F%. lO-ll Is muiiial to toat 
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it IS essentially a complete tube checker without the meter, but 
IS provided with two terminals for connecting any suitable milli- 
ammeter to check plate current readings. A double range milli- 
ammeter of 10 and 100 milliamperes may be used. 

An individual socket is provided for 4-, 5-, 6- and 7-prong 
tubes. It is unnecessary to match each particular type of tube 
with a special socket. A large 7-hole to small 7-pin adapter is 
provided for testing all large-bias 7-prong tubes. A multi- 
section rotary selector switch is used for making proper circuit 



X X — Schematic circuit diagram of the tube checker illus- 

trated in Fig. 10-&. 


connections to the five sockets for the various arrangements and 
elements within the diHerent tubes. One position on the switch 
is left open for possible changes in arrangement of these elements 
on future tubes. The schematic circuit diagram is shown in 
Fig. 10-12. 

Proper filament and heater voltages are supplied from the 
transformer through the rotary selector switch to the sockets. 
These voltages are also brought to a pair of pin jacks on the 
paneli making it possible to test the external heater types of 
tubes and to provide a group of low voltages which are often 
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mmmlmi to vm on th© test bench for on© purpose or another* 
Whm too rotary selector switch is plac-ed in a certain positioni 
voltage from an external transformer can be placed on the soe- 
'1^^ of the power unit through the FIL-IITH VOLTAGE pin 
|l^i« These features make it possible to teat certain future 
toi^ whose filament voltages may be other than those iliown, 
;;';:®he mutual conductance method of testing is ciuploycil. 

An automatic *%hort” test is provi<lc<i, which eliminates the 
necessity of first inserting the tube in a special socket for the 
indication of shorted elements* A resistor in the plate circuit 
prevents damage to the milliammetor in the event of a ahort- 
oircuited tub©* A means of detenniniiig whether or not toe 
cathode and heater are either partly or totally toorted togettmr 
ii indicated in the **short*^ test* A **gas*^ tost Is provided by the 

usual arrangement of insertini 
a high resistance In the grid cir- 
cuity as discussed in Art. 8-13* 
The instrument is operated 
by conneotlng a suitable milU- 
ammeter to the plato-rnrrent pin 
jacks, obncrving toe proper pol- 
arity. This milliammetor sltouid 
have a range tom the 

sum of toe two viduei (for the 
particular tube under iM) 
shown in toe eolumiM m toe 
chart supplied. 



Fio. 10-11. — Snprena 
Model 60 tube testing powei 
wit* Its ieli«matic Srcuii 
Vagram Is shown In Fig 

*t £% aTi*. ^ 


A oatJiod«-h«at«r diort It 
reveAltd by prtsMHinK tb« JC-Jf 
LeaJcag* button. If til* fd«t* 
miUiammotw drop* to O whon 
thi* button is pressed, tiie o&tiiode and heatwr am fm* from eaoh 
otim, Control-grid-to-oatiiode shcotHdrouits will rwnilt in no 
obange in plate ourrant when Ihe "Grid BW/f' button to pmtMd. 
Plate-to-oathode (or fUamoit}, and controI>grid*to>plate ■hori- 
okouitB will oause the meter needle to vibrate about the O 
Dositian udisn the ^‘grid shift" button to presmd. 

10-9. "Supreme" 8S Tube Oiedb«r< — JRito 
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tile tube checker, shown in Fig. 10-13, is designed to provide a 
portable tester by which the quality of a tube may be indicated 



trated in Fig, 10-11. Note 


Pig. 10-18. — Supreme 
Model 86 tube checker. 
Note the direct-reading 
meter at the center. 
The neon glow lamp 
reveals leakages or 
short-circuits. See Fig* 
10-14 for the schem- 
atic circuit diagram of 
this tester. 
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in terms of Good or Bad, and by which leakage or short-oir- 
ctiits between any elements of a tube may be determined. A 
new circuit is used in which the various types of tubes act as 
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m'ulliplier resistors, so that the meter inflicatioiiii art dlrmilj 
peoporlioBal to the condition of the ttihe. 
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Push-button type switches are provided whereby any one ele- 
ment may be checked for leakage or short-circuit to any other 
element. According to the manufacturer, the neon lamp is 
superior to a meter for leakage indications because of the in- 
herent mechanical inertia of meter movements, which does not 
enable them to respond to short, intermittent leakage currents. 

This tube checker is provided with a tapped primary trans- 
former for adjustments to any a-c line voltage between 98 and 



Fig. 10-16. — Weston Model 
681 counter type tube checker. 
Notice the unusually large direct 
reading meter, the clear and 
simple layout of its scale. 


Oourt«6y WeHon Mlect. Instr. Corp. 


125 volts. The manufacturers prefer the tapped primary to 
the resistive method of voltage compensation because of their 
claim that the latter introduces uncontrollable variations of 
input voltage during test operations. The adjustment of this 
tester remains practically constant under varying tube loads, 
so that the pointer does not have to be re-set for each tube. 
Rectification of the meter current is accomplished by means of 
a type '01 A tube, which is self-contained in a protected posi- 
tion under the panel* As shown by the diagram in Fig. 10-14, 
the plate impedance of the tube under test is connected in series 
with the meter. 

One of the features of this instrument is the use of only four 
sockets. All tubes are tested in any one of ttiese sockets, re- 
gardless of the internal arrangement or placement of the tube 
elements, which determine the push-button switch to be oper- 
ated, If a button other than the correct one is pressed, nothing 
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lkApp«Q8. The meter needle will not move forward, aa the meter 
will reiMi mrly when the correct button is pressed. 

A. Ust of all popular tubes is verichromed on the panel 
around the “Tube Selector”, and a chart of all tuboa, with printed 
Inetmotions, is fitted into the detachable cover of the rurryhig 



Eia. SehexMtla droait dUatnau of tba ewinter faroa tulio 

chwtop Ulixstratwi in Fi#. IMIJ. a otbuw vnw saea 

case. The opwaWng procedure is also verichromed aromad the 
omtrolB on the panel. 

ltt-10. “Weaton” Model 6S1 Counter Tube Cbeckar. — 
This twter is a tifpioal eicatnple of a modem “tube sellair." It 
is <Mgaed irpeeifieally for cotmtw uee, whem the awdiwmf*. 
easily see how hie tubes are bdng tested. A la^ O-faieb mAm, 
with all necessary markings on its scale, faeilltstM its use. 
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The tester is equipped with twenty-five different sockets and 
the usual array of switches to enable the proper tests to be 
made. The scale is divided into a series of colored arcs, lettered 
for rapid reference to the instruction sheet. Short-circuited 
tubes are indicated on the scale in a large area marked Shorted* 
The instrument is also equipped to make leakage tests by the 
method discussed in Art. 8-20, 

Tests of tubes are made by the mutual conductance method. 
A feature of the instrument is that proper plate, filament, screen. 


and control-grid voltages are 
applied to the tube during test. 
Compare this with the many 
other testers that test tubes as 
triodes. 

Individual tests are made on 
all combination tubes, and the 
sockets are color-coded to facili- 
tate locating the proper socket. 
Of the twenty-five sockets on 
the panel, seven are spares, in- 
stalled for future tubes to be 
designed; thus, only eighteen of 
the sockets are for present use. 

The instrument is shown in 
Fig. 10-16 and its schematic 



Fio. 10-17.— Weston Model 
682 tube checker shown here 
in its portable car]i^ng case. 
Its schematic circuit diagram 
is shown in Fig. 10-18. 


circuit diagram is shown in Fig. 10-16. 


10-11. Weston Model 682 Tube Checker. — ^This instru- 
ment, shown in Fig. 10-17, has been designed to be employed 
either for portable or for counter use, depending upon the type 
of case used. The meter employed is the familiar model 301, 
and is divided into two colored sections, green and red, marked 
Good and Bad, respectively. 


As shown in the schematic circuit, Fig, 10-18, the total emis^ 
sion method of testing is used. The manufacturers of this de- 
vice favor this form of test for small checkers on direct-reading 
instruments. The line voltage is adjusted after the tube is in 
the socket and heated. This is indicated on the meter by a 
single line drawn through the center of the scale. 
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Cathode-heater leakage, and short-circuit teste, are available 
in the usual form, the short-circuit being indicated on Une eatn t 
metor used for determining the worth of the tube. 

The chart presented in Fig. 10-19 shows the various sockets 
into which the tubes that can be tested are inserted, and also 



Fio. 10-18, — Sehsmatio circuit diagram of tha "amhwion" type 
tuba chaokar Ulustratad In FI*. 10-17. 

lists the equivalent tubes — ^tubes which may he oonaiderMi 
■equivalent for purposes of test on this particular instrummit. 
This information is mctremely useful for reference pur|K»aes. 

An interesting application of the use of a single d-o metmr to 
check the a-o line volti^ is shown in the schematio diagram. 
When the Line Cheek switch is thrown for use, tihe d-o m«t«r 
is connected, in series with 1,600-ohms of reriatanoe and ^ 
reotifler, aoroas almost all of the transformer eeomidiury— 41 ie 
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winding supplying the filament. The meter reading is then 
^.djusted by the 350-ohm potentiometer labeled Line Voltage, 
The outside terminals of the 400-ohm potentiometer labeled 
Tube Selector are always across the meter; but when the same 
switch is thrown to the “test*^ position, the arm of this poten- 
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Pig. 10-19, — Operating chart for the Weston Model 682 tube 
checker. This chart specifies the correct settings of the FU, Selector 
Switchf Tube Selector Sw,, and Tube Socket for every type of tube 
which can be tested by the checker. The tabulation at the bottom 
specifies the tubes which may be considered as being equivalent, (for 
teat purposes), 

tiometer connects to B — , so that the amoxmt of shunt across 
the meter depends upon the position of the arm. The correct 
setting for this arm for any type of tube to be tested is specifiLed 
in the chart of Fig, 10-19 (which accompanies the tube checker) . 






CHAPTER XI 

THE VOLTAGE-CURRENT SET ANALYZER 


11-L Choice of « Method of Set Teiting. — When a radio 
reoeiver becomes iiutpcrativo or does not function proju^riy, it ii 
usually because of Uie failure of one or more of the tubttt or 
because of trouble in one of the parts or oirouita of the reoeivwr 
proper. The service man’s task is to determine Uie location wad 
nature of the trouble in the most direct and rapid way poasibte, 
and to make such replacements or repairs as may be ntH-umary 
to put the reoeiver back into proper operating condiUon. The 
element of time ia iinportiuit to Iteth the service man and the 
eustomer, since service work is usually charged for on a time 
basis. Consequently! every effort has been made to davel(q> 
methods and instruments whioh speed-up rkiio service work by 
making it possible to locate troubles in evwa the most oom- 
plicated modem receiven in a very short tune. 

Unfortunately, t^ere is no single standard, or "best” method 
(or system) , of locating and diagnosing trouble in alt radio re- 
ceivers. That such a mstbod can bs evolved is questionable, 
because of tire wide variation between the ciredts wad eonetirue- 
tion of the reoeivexs manufactured from year to year and the 
ddfferenoes in the more oommon troublee whioh ooour in Urwoi. 
However, there are several methods or i^rttems of diAKnosIs 
widoh m In common use. Each hiui its own AdvantngiHius feat- 
ures and its enthuatastio supporters who wre always prepared to 
wgue in favor of their own system and ti» UstitotloiDS of id 
others. l^jaidaM of the meting employed, them la om com- 
mon objective— 4hat of making rapid and efficient loeatimt end 
determination of troubles in radio receivers postiMe. 

It is not the purpose of this book to iMse !n ocm- 
troveny ooncem^ swrdoe methods. Instead, its sum is to {WS* 
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^ent for the reader, in as clear a manner as possible, practical 
information concerning all the common test methods which are 
being employed by the most progressive service organizations 
today, so that the reader may be well informed and better able 
to adapt any of these methods to his own work as the occasion 
arises — consistent with his own ideas and the particular test 
equipment he has available. 

Every experienced radio service man knows that there are 
eases where satisfactory diagnosis can best be made with a 
plug- and cable voltage-current type analyzer; there are other 
eases in modern receivers where this type of analyzer is not able 
to make tests at all points and reveal certain troubles. In such 
eases, point-to-point resistance tests are best. In still other cases, 
eombinations of these methods are required, etc. Consequently, 
it is felt that the expert service man should be acquainted with 
all the methods and the test instruments necessary to put them 
into practice, so that he can employ whichever one is best suited 
to the set and circuit conditions at any time. In this chapter, 
we will study the voltage-and-current analyzer method of diag- 
nosis; the others will be considered in later chapters. 

11-2. Preliminary Check of the Tubes. — When testing 
any radio receiver for the location and cause of trouble which 
may be making it totally inoperative or else operating unsatis- 
factorily, a considerable amount of information may be obtained 
by first testing the individual tubes for either ''emission^' or 
“^'mutual conductance’^ (also called trans-conductance), by the 
methods explained in Chapter VIII. In many instances, this 
test will reveal one or more faulty tubes. In such cases, it is 
only necessary to replace each faulty tube with a good one of 
the same type in order to obtain normal receiver operation. 

11-3. Trouble-Shooting by Testing Individual Compon- 
.elite. — ^If the tubes all check satisfactorily, the trouble must he 
looked for elsewhere in the receiver. Of course, at this point 
the service man could remove the receiver chassis from the set 
^cabinet and proceed to isolate and test each individual part in 
it by means of an ohmmeter, capacity meter, etc., until the in- 
♦operative part was found. This method would probably unearth 
the trouble eventually, but modern receiver cirouite are, so eom^ 
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plm Mkd m mm&j mdiyidaal componeiita are u««d in toai 

it would tidte m great deal of time to test evoiy ooe in a set thor- 
oughly. Fortunately, it is not necessary to hunt for troubla ia 
this time-consuming, tedious way* There are other metiiodb 
which usually locate the trouble much more directly and quick- 
ly, The Vidtngc-currcni analysis method is one of thwe, and 
will be considered now. Another, the pcunt-to-poini resistance 
method, will be described in Chapter XII. 

11-4* The VoltagC'-Current Method of Receiver Analysis. 
—In moat modern receivers, it is tpiit© dlffscult, and iiiHiesirtble 
from the point of view of the time roquired. to isolate and toil 
directly all the various resistors, <H>ndenser,'^, transforracri, etc.,, 
in a receiver in artier to locate tremble. Instead of tloing this,, 
informative testa can be made at the tube socketa (usually ex- 
tended to a point outside the receiver for cortvctdi*Jtci*K 

Every radio rccciviiig tube has either three, four, five, six,., 
or more external oireuits, depending upon its type (see Arts. 
8-4, 8-6, 8-6 and 8-7). For instance, if it m a direct-heater 
3-electrode tuba, it has a filament, a grid and a plate. If it ia 
an indirect-heater type 3-eIeotrode tube, it has a heater, a cath- 
ode, a grid and a plate. An indirect-heater ty|>o aereen grid tub#' 
has a heater, cathode, control grid, screen grid and plate, ete*,> 
(see Fig. 8-1). Furtljcnnore, the number of external oirciiite 
depends upon how many of the tube elemente within the tube* 
have connectloni which are brought out to Its b»m pint. For 
instance, in the case of a 2A7 pentiigrhl converter tu^, a 
ment tube, there are seven external circuits to oonalder. In tibt* 
2A6 power amplifier pentode, a 5-element tube* there are fiw* 
external circuits. 

At any rate, In almost all reoeiverH. the main elrcuite go tmm 
or less directly to tee tube iwjcket terminals, which mm es»ily 
reached for twt work. The *Voliago-curront smalytli*^ 
of set tMting is based upon the idea that: 

Iro^U ooaming in my wrmM m$mdM9d irffA mm o/ tA# 
in the rmeivmr wiU mwB a €JMm§§ #i tM 
md$thig at 0 m or mom of th§ tiifci iwouf#, <r a elkwipi im 
ttmomrorn flowing in at kme om of iko 
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Therefore, in this method, the receiver is analyzed by care- 
fully measuring the voltages existing at all of the tube socket 
terminals and measuring the currents flowing in some of the 
tube circuits. These readings are compared with a chart which 
specifles the correct voltages and currents for the particular make 
and model of receiver under test. To the well-informed service 
naan, any reading which deviates greatly from the normal value 
furnishes a clue to the location of the particular circuit in which 
the trouble exists. In fact, in many cases a correct interpreta- 
tion of the readings will also indicate the exact nature of the 
trouble. Keeping this in mind, it is evident that it is possible to 
analyze the various circuits of most receivers by testing the 
voltages, and most of the currents, existing at the terminals of 
the tube'^ockets. 

A very important point must be emphasized here. The volt- 
meter and milli ammeter readings do not in themselves indicate 
where the trouble lies. They are merely tools which the service 
man must use in order to help him to localize the tVouble. No 
voltmeter or milliammeter reading ever solved a problem or 
located trouble in radio service work. The service man must 
solve it, the meter readings are merely important aids to him in 
his reasoning. From the readings obtained, and hia own know- 
ledge of receiver circuits, troubles, etc., he must deduce the loca- 
tion of the trouble. In many cases, this must be accomplished 
by a considerable amount of trial and error. 

After the offending circuit has been definitely localized, an 
analysis of it is made by applying the necessary continuity 
tests, capacity tests, resistance measurements, etc., to the various 
individual parts in it, in order to locate the offending compon- 
ent, connection, etc. These tests, and the instruments for mak- 
ing them, have already been studied, and will be studied fur- 
ther in Chapter XXII. The proper remedy is then applied. 
Thus there are really three main steps to this method of radio 
receiver testing. They are: 

1 . The voltage^cwrrent analysis at the tube socket term-- 
inals .of the entire receiver and consequent localization 
of the trouble to some particular offending ckc^t. 
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2. T^iiing a/ £k 0 vanam compmmts and wirm§ in tJm 
affmiding drmU. 

B* Repair or rept<iccmvnt of th^ inoperatipe pari (or othm^ 
cmroctim of troublo)* 

Tb^ tmkM are usually applied in the order listed here. 

11*5* Typical Voltage-Current AnalyniH with Individual 
Meters* — ^To illustrate how receiver circuits may l>© analyaM 
by the voltage-current method, let us consider the typical mmm^ 
grid r-f amplifier stagt! shown in Fig. ll-l. The general mettiod 



MCKT 

STAOC 


FXQ* typical serssn**^!:^ r-l amplllar itaft with hy-pais 

condensers, bias raslttori^and voltefadropplng rsalstoim eemiccted 
in their proper pliMaii. lihe oonnectloxis cd all the espavait^ meters 
required for a complete voltage-current analimbi of mis stsii^ mm 
mustrrnted in Fig. if-S. 

of analysing the circuits of this tube may be diqplicated tm ma^ 
othmr s^e in the reodver. In the conteol*lprld clrouil of ladii 
is the secondary of the preceding r^f triyc^orxn^, wi^ ibie taoim 
condttQismr Cl. In the plate circuit hi l^e primary JL of tibe 
r^f transformer;; <me md of the primary is connocteti to ttil 
plate of rile riibe and riie other md is coxm^t^ te pl^ 
liter syi^Mn ocmslil^ of the roriatanoe Mi and tibe by^pMi 
oondmser Cf . The o^sr ®ad of the resisl^ao# Mi oonnecle to 
thit terminal of tibe plateniupply mdt vrtJdb mxppBm lisie veife** 
age to the othmr isf lunpUfi^ tubes. 

Of course, in a complete re<^lver, sev^id tulm comprise the 
Mwnplete radio-frequency ampllfi^, but the dfoulte of ^Mii 
Evidual tube are rimUar to the tmm ^lowu here* If the tube is 
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an audio amplifiLer, there would be audio transformers, chokes, 
or resistors, in place of the r-f transformers and variable con- 
densers. In the intermediate-frequency amplifier of a super- 
heterodyne receiver, i-f transformers would be used. Slight 
variations from this fundamental circuit will be found; but, if 
this normal arrangement is kept in mind, it will .make circuit 
testing a simple task. The early receivers used 3-eleinent tubes 
in the radio-frequency stages- The circuits of these older re- 
ceivers are essentially the same as those used now^^ except for the 
added cathode, screen-grid and suppressor-grid elements and 
circuits which the present-day receivers have. 

To check the voltages appearing in the various circuits, in- 
dividual voltmeters may be used. For battery and d-c electric 
receivers, only one voltmeter is required for this work; but for 
a-o operated receivers, both a d-c voltmeter and an a-c voltmeter 
are necessary. A single combination a-o — d-c voltmeter, of the 
copper-oxide rectifier type already described, is commonly used 
for this purpose, since the one meter will read both a-c and d-c 
voltages. An a-c meter of this type is illustrated in Fig. 2-37. 
The meter should have a resistance of 1,000 ohms or more per 
volt. It should have d-c ranges of 0-10, 0-250, and 0-760 volts, 
and a-c ranges of 0-4, 0-8 and 0-160 volts. Since it has a high 
sensitivity, its current consumption is low, and it does not mater- 
ially affect the voltages existing in the circuits it is connected 
to. The two lowest scales are for reading the filament voltages 
of a-c type tubes. The 160-volt scale is used for checking the 
a-o power line voltage. A d-c milli ammeter also will be required. 

We will now consider the use of individual test instruments 
merely to develop the method of analyzing circuits; later, we 
will show how the modern set analyzer performs all of these func- 
tions in a rapid, simple manner with one or two multi-range in- 
struments and proper switches. 

To measure the voltages and currents at the tube socket in 
the circuit of Fig. 11-1, the meters must be connected in the 
various positions across the different tube socket terminals, or 
in series with the circuits, as shown in Fig. 11-2. With the a-o 
meter ooimeoted across the beater terminals, K^^L, the meter 
indicates the heater voltage. To check the plate voltage^ the 
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d-o voltm€t©r m ooimected between paint H the csthodei and 
point the plate. All voltages^ except the heating voltage, in 
mk indirect-heater type tube are usually referred to the cathad$ 
m the reference terminal. This is taken an the iwinl of lowest 
potential in the tube. All voltages in a direct-heater type tube 
are usually referred to the nt^gative terniirial of the filament 
when the filament is heated with direct current; if iietiteii from 
an a-e source, either filament terminal may serve mn the refer- 
mm point, The screen- grid circuit is checkcnl hy ecmneeting tht 
voltmeter from // to M, Screen current and plate current art 
measured by the inaertion of the luinifinmiificr Pd wultabl# 
range) in the screen circuit M and plate circuit F, a« shown m 
the diagram. The control-grid eiroiiit can be checked by con- 
necting the voltmeter across // and J (the cap on the tub©). Aa 
examination of the diugnuu shows that this voltage m the grid- 
biae voltage drop across tlia grid-bias reabtor l?f. With Uit 
voltmeter connected from // to K, tiie meter will rend tli# 
cathode-heater voltage. 

If the correct voltage reading i« obtained between cathode 
and plate, it indicates that whatever m eonntfsclod in the plaie 
circuit of the tub© (in this ease, it is the primary winding L of 
a transformer) is not open-circuilcd. although there 1$ the 
flibility of it being short-circuited; it also indicates that ttie 
voltage supply is operating. If no reading is obtained b«tw#«» 
points H and F, then either there is no voltage or »»«• 
thing in series with the B+ lin® i« open. The test sliould 
be made between H and E. If a reading Is obtained h#M» il 
indicates that an cjpcn-cdrcuit exists in the transformer wiadlag 
connected in the plate cirouit between F and E. If no raading 
is obtained, a test should be made betwwm F and ^e *3** volt- 
age supply. Voltage here will indioat© an open letter Bi; if 
no reading is obtained, ttie meter should 'be eonn«ti^ betw^ 
points F and JD. (D will usually be grounded to the fima» of 
the chassis.) If a reading is now obtain^, It IndleatM that im 
opm^cirouit eidsts in the pid-bias r«ristor B§. 

Two thin.g?s should be noted: Erst, the aaetor smdiap 
ip gme a ohm to the loeati<m of the brouble; and 
meter may^have to be^ oonneofed to a ntimlier of poiabi '^fowi 
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.actual circuit and component causing the trouble is located. 

This simple test procedure would have to be repeated at the 
socket of every tube until the one at which an improper voltage 
^exists is located. The particular circuit can then Be traced, and 
the individual components tested for open-circuits, short-circuits, 
^tc., by the methods to be described in Chapter XXII. If the 



Pig. 11-2. — The principle of voltage-current receiver analysis is 
illustrated here by indicating* where individual meters would have to 
Jibe connected in the typical screen-grid r-f amplifier stage of Pi^, 11-1 
in order to check all the important currents and voltages existing at 
sthe tube socket terminals. 

»plate and grid voltages on all the tubes are found to be low, the 
power-supply unit circuits may be suspected and should be 
‘Checked. 

11-6. Principle of the Voltage- Current Set Analyzer. — 
The procedure just outlined indicates in a general way how the 
^circuits of each tube in the receiver may be analyzed to locate 
the particular circuit in which trouble exists. The equipment 
•which we discussed, however, has one serious objectionable 
^feature which makes it impracticable for use in efiScient modem 
rtest work. When receivers were constructed with all tube soo- 
’kets mounted on an open baseboard with every connection easily 
laooessible, this method of testing was suitable. Modern receivers, 
tiowever, are constructed with the tube sockets, resistors, wiring 
and most condensers mounted underneath the chassis. Coils, 
itransformers, and chokes are mounted in shield cans, with their 




S40 


MOBEEN EADIO SERVICING 


cam 


oonaeotioas aicc^ibla only from below the oh&a«« deck. 
ing by tbe method just outlinedi therefore, would nere>-:><itato ttt# 
complete removal of the chassis from the cabinet for ©very 
vice job, and the testing at the tube socket terminals with the 
set In an Inverted or upright position, which is rather awkward^ 
inconvenient and wasteful of time. 

Since all tests are made at the tube socket teriiiirmls, It i* 
clear that the test manipulations may lie greiitly faeiliiatod and 


huM raoM ex^nsion aiccivca 



Fio. 11 -.1. ■•Pid.orial rvpr<‘t4t*iitati<m of the fundatiiaintal Idea In* 
volved In si't juialy'/,i>ru. The circuits which normally termlimta at. 
any tube socket in the ri‘(5®lir®r may be extended eonvenlentiy by fn«ai» 
of m plug and cable to a iimilar tube socket placed outside of tli* 
receiver (in the analyzer )» and means proviib**! wle^rcby a m«t«r| m 
meters, can be tiuickly mnnected to these extended circuifei for 
purposes. The tube removed from the receiver socket under t«it la 
placed in the socket of the analyser, as shown. 

speeded up by bringing all of the oirouite of the ii00kefc and th# 
tube to be tested to an sxtmmid tube socket located outeide of 
the receiver chassis and cabinet. Into this external mmh^ la 
placed tihe tube taJeen from the receiver wckel under l«t. 
may be done conveniently by employing a dummey plug i ■ 

like the base of the vacuum tube. The p»np of teii pl^ it 
in tee hol«i of tee socket, and wiras coniiM^t fwwo Mch of tet^ 
irongi te tee eatemid sockets. Th^ wtrei i»e in tee tmm of 
cable, m$ eerwe wmdy U mimd the connecfioas o| ik$ acwlferf' 
'#1 te# let fo'fJb mdmmal soofcsf. The tebe, tew^fwni muni Ini* 
placed in tee ttctemal eK>oket. Ttiis fimdiooMilid arrangement is 
illustrated in Fig. Il-lt. The idea ls illustrated pkterially to 
Fig. 11-3. 

Onoe tee cmeket is outside the set, it is a simple mateer to 
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measure the voltages and currents. It is not possible to make 
all the measurements that could be made if the receiver were 
removed from the cabinet and turned up-side-down, but a suffi- 
cient number can be made in such a comparatively short time 
that the cable and external socket idea has been universally 
adopted. 

This is the fundamental principle of the radio set analyzer 
or tester: 

It is nothing more than a means whereby the circuits which 
normally terminate at each tube socket in a radio receiver 
may be conveniently extended to a similar tube socket 
placed outside the receiver (in the analyzer J and means pro- 
vided whereby a meters or meters, can be quickly connected 
to these extended circuits in any order for test purposes. 

The problem of supplying meters for making all of the 
measurements required in the testing of modern radio receivers 
has been met in several ways. One arrangement employs a sep- 
arate meter for every circuit which may be subject to test. A 
glance at Fig. 11-2 will reveal that a large number of meters is 
required when this “individual-meter^^ arrangement is used, mak- 
ing the analyzer bulky and expensive. The most popular analy- 
zers employ one or two multi-range meters with suitable switching 
arrangements to enable them to be connected quickly and proper- 
ly to make all the voltage and current measurements required. 

There is nothing fundamentally complicated about an an- 
alyzer. True, the switching systems are not simple — ^nor are 
they extremely complex. It merely requires a little patience 
to trace out the connections for any setting of the various 
switches. That, however, is not the important thing. The one 
thing to know when using an analyzer is what the meter is read- 
ing, regardless of the mechanical means used to get that reading. 
The service man must know exactly where the meter is con- 
nected, and approximately what the meter should read, if every- 
thing is normal The service man solves the problem; the an- 
alyzer merely leads the way. 

There are many different designs of set analyzes. Haturally, 
each designer and manufacturer has his own individual ideas re- 
garding the ranges the voltmeters and . milliainmeters eiioiild 
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hifev#, tilt tjpm of switehea to be usod^ mnd the mode of coa- 
n^iion of the awitohes in the circuit in order to provide the 
peat«t ease^ speed and dexibility* These variatitJOH, however^ 
may be regarded as merely incidental to tlie main problem, which 
kivolvea getting the circuit out oj the receiver to an exiemal pmat 
where the connectwm me available for emy memwrememt. This 
is the main purpose of the set analyzer. 

11-7. Development of a Set Analyaer.— In order to make 
clear what goes on in a commercial vtdtngr-tMirrent analyicr 
when the various buttons are pressed and iwitchoi turned, w# 
will show the development of the circuit of a aimple analyiar, 
step by step, until quite a flexible testing syitem is obtain^. 
The circuit to be developed is not exactly that employed In all 
analysers; it is, though, the baeic circuit around which modem 
voltage-current type set analysers are designed. An attempt 
will be made to cover only the general principles inviilvod; Uht 
descriptions of typical commercial set analysers presented in 
Chapter XIY will supply the details. 

11-8. The Meter-Switching System.— The um of many 
individual meters for measuring the different voltages and eur^ 
rents of a tube circuit Inoreasei the cost of construction, mak^ 
operation decidedly unwicUly, and the analyzer eieteemely bulliy' 
and heavy. Since a milliammeter must be employed in Ube m» 
alyser, and since the basic movement of all d-e ammeters and 
voltmeters is a milliammeter, a single sensitive eunent^meaiur* 
ing instrument may be adapted for the mt^arttircmcni of alt d-e 
voltages and currents by u^Iiiing a properly dwiiped arrango- 
mmt to connect suitable dbunt smd multiplier melMiMMem to It. 
This will be considered in detail in Art. 11-15. If a copper-oxide 
reotifter type instoiment is employed, a-e volti^^ Mid cunwls 
may be measured as well. 

In order to make all the voltage and current »Maymnw 9 BM»bi 
required, using but one or two meters, maiyns murt 1^ provided 
for connecting the meters with tiheir proper riiunti or multiplies 
into (or across) ' the varfous receiver networks. Mirny moten 
Mulyswi' ev«R «tnploy the same met«f as m dhmmetar mi/m 
ecttdnnity inet«r, and m a eapaeity and faidwrtiiaw^ By 

meMNi of ©aaefuHy ioiipied switching arrangammla ecnniwted 
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to the meters, sockets and plug of the analyzer, many circuit 
testing combinations are made possible. 

The actual mechanical means employed by manufacturers of teat 
equipment to meet these switching requirements naturally .’varies; 
each manufacturer employing methods which he believes will offer the 
greatest ease, speed, flexibility, simplicity, safety, freedom from ob- 
solescence, etc., at the price. Of course, every method has certain 
advantages and disadvantages. 

There are three fundamental methods (or combinations of 
them) actually employed for connecting the meter quickly across 
the various tube socket terminals for voltage-current analysis. 
They are : 

1. The test prod and pin jack method. 

2. The push button switch method. 

3. The rotary switch method. 

At first glance, the meter-connection arrangements used in set 
analyzers may appear rather complicated; but a systematic 
study of the main types of pin jacks, push button switches and 
rotary switches employed, together with their circuits, will 
greatly assist the reader to become familiar with them. A study 
of these will now be made. 

11-9. Pin- Jack Meter Connection System for Analyzer. 
— ^In analyzers employing the pin-jack system for connecting the 
meter to the various terminals of the tube socket, two separate 
leads are connected to the terminals of the meter, as shown in 
the pictorial sketch of Fig. 11-4. The free ends of these leads 
are brought out above the surface of the panel and terminate 
in plugs or test prods. The leads coming through the analyzer 
cable (from the circuits of the receiver tube socket under test) 
terminate in the pin jacks (see (B) of Fig. 11-6) of row B on 
the analyzer panel. From the pin jacks of row A these circuits 
continue to their respective terminals on the analyzer tube soc- 
ket. By means of this arrangement, all of the receiver tube 
socket circuits are extended (through the plug and cable) to the 
analyzer tube socket. The voltage across any two of J^hese cir- 
cuits may be checked by merely touching the meter test prods 
(see (JL) of Fig. 11-6) to those pin jacks which are connected 
to these circuits. The current flowing in any circuit may be 
meastured by inserting the meter test prods into the A and B pin 
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Jiicto €ff that paftmdar dradt. Wheat this is done, the Jmiper' 
8 openi etitomadieidly thereby breeMtig the xiom^ ^ 
mit between the pin jaoke* Thi* eanewi all of the emarttot to 
flow through the meter which is now bridling the iaoki. 

Of oonrie the various meter rangi», eto., may be aelsKited %' 
properly connecting to the meter the varioui shnnta, mulMplen^ 
etc. by means of rotary awitohes, push-button switcliea, tog^ 



FiOi ll-4.---FietorI»l renreaentation of the jhiitd,a«xi«fiMI IdhA 
TolTsd Itt a almple set analyser employinar the pin Jack Sfvtm 
eom^otlng the meter to the various terminals of the tithe tBi 

anal^is* T is the tube taken from the sodbet nnii«f bsrt In 
rei^ven The dummy plug haa been IrMrted in the reoelver mm 
in m »Ja^* To make the various voltaim and mwtm^ «be mm 
prods. JP-F^ from the met^ are hsserted In the proper pin Jaeka-Hme 
row^ (A) ni whWb^ommeets to the various tiirmlnals of the tulm eodbel 

7) of which conm^t to the various 
reoriver (by »m»i ^ Wm dummy 


in the analpsnf| rise o^b«r row (B) 
rirottita tube so^et in the n 

slug and mhle). TIM ii not he ommldm;^ a ^mplele anat^r 
by any meana» it — - , * . - . 


i 


f wy mmum, tt bmmV iwnm to iUcutmte on* ■iaml* I** prod and 
im- 4 aak oonnMstton amngement -«rU^ wa;^ ba fnvl^adl f«f «onii«rt- 
oi the tabe rf gg mt. at wSL 


.g tha tnetur to any 


laekB, i&qiMidiac iqpon ilw {nafamuMW tii Oil 
dwdgnar. Rotorjr awitohea and imib-bulton awitdtM •»« Si 
most popular for thia purpose. 

Tire main ad-vautage of the pin jack ayateon of ootmeoUBg the 
meter to the various tube socket circuits lies in its exUeme fie** 
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ibility because of the many test combinations possible. As new 
tubes with new electrode arrangements are developed and used 
in radio receivers, their circuits can still be checked if this system 
is employed in the analyzer. This makes the analyzer less liable 
to become obsolete. The most serious disadvantages of the sys- 
tem are that it is not as rapid as the switch methods (which 
will be described) , because of the time required to transfer the 
two meter leads from one pair of pin jacks to another. Also, 
because of the many combinations possible, errors are apt to be 
made by inserting the leads into the wrong pin jacks when work- 
ing hurriedly. 

11-10. Use of Switches for Meter Switching in Analyzers. 
— Instead of using the pin-jack system of Fig. 11-4 for connect- 
ing the meter to the various terminals of the tube socket, switches 
may be employed to accomplish this task. Since several types of 

Oottrte*}/ Oorp. 

Fig. 11-6. — (A) A pair of test leads (rolled up) with insulated 
straight prods at one end and elbow prods at the lower end. 

<B) A pair of pin jacks having Insulated topp to prevent 
accidental contact with the test leads. 

switches, commonly used in radio servicing instruments, are em- 
ployed for this purpose, it vdll be well to review their construc- 
tion briefly before proceeding further. 

11-11. Knife Switches. — ^Most service men are probably 
familiar with the different types of knife switches commonly 
employed in radio and electrical work. A few of the more com- 
mon forms are illustrated in Fig. 11-6.- They are as follows: 

(a) single-pole single-throw (B.P.<S.T.) 

(b) single-pole double-throw (S.PJD.T*) 

(c) double-pole single-throw (D.PjS.T.) 

(d) double-pole double-throw (DjP.D.T.) 

(e) triple-pole single-throw (!r.PjS.P.) 

(f) triple-pole double-throw {TJP.D.T,) 
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While kaife ewitehea are simple and i^ierfectly satisfactory 
from an ©lectrlcal standpoint, they are seldom used in set analy*. 
»#», because they require too much space for mounting and 
manipulation, and their un-insulatod blades expcwe the <»pi‘rntor 
to possible accidental contact with the eireuiis. 

11-12, Puib-Button Switches. — Since the iwitehe® em- 
ployed in radio test ccpiiinucnt are not usufilly called upon to 
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Fia 11*6.— The common knife switches used extenslirely In elee. 
trical work. These contact urraiiKcmontsi can also be obtained In 
pnsh-botton type switches (see Fig. 11-8). 

carry large currents, they are constructed in anotlier form which 
is more compact, is equally satisfactory electrically, and dee|| 
not have exposed live parts. The mechanical urrangi'mcnt 
played does not affect the electrical function of the switch ia ' 
any way, and it providcn a means whereby the exposed swlldh 


'ff 

(A) 

Wm§mk Skmi» 0mm* 

Fio. — (A) A typical multiple-circuit pash-button t|^ ; 

switch employed In »t»t analysers because ol Its TOflapacte^. awl^ ' 
to control a numb<*r of circuits and construetton which penalto It to 
be mounted under the panel and operated above the pinel a slli^ 
pressure of the finger. 

(M) A trical S.F.S.T. puah-button swltoh which opius a«^' 
doftes a single circuit. 

oontMjt surfaces may be plaC'Cd beneath toe piwMl of toe «nalj* ', 
»er, tons preventing m exc^ive acctmoulaMon of duito imd 
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roeion on them — and preventing trouble due to the poor contact 
which would result. This very popular form of switch is called 
the push-button switch, and is used extensively in set analyzers 
It consists of two or more blades made of low-resistance spring 
material such as brass or phosphor bronze, and suitable contact 
points arranged to be brought together (or released) by light 
pressure on a button of insulating material which projects 
through the panel. A typical multi-blade switch of this kind, 
suitable for controlling a number of circuits, is shown at (A) 
of Fig. 11-7. A typical single-contact push-button switch em- 
ployed extensively for opening and closing a single circuit is 
shown at (H). Push-button switches are made in locking and 
non-locking forms. In the former, the button and contacts may 
be ''locked'' down after they are depressed, thus keeping them in 
that position after the finger is removed. This is a very useful 


PUSH-BUTTOM 


5^contacts support^ 


(A) %r. sj. (open) 


00 &RS.T (closed) 


INSULATED 
BLADE COUPLER 


.INSULATED 
BLADE COUPLER 


(P) UR ST. 


©Up'CoKE open, one tLOSED; 



(F) D,P. U7. 


Pig. 11-8. — Several contact arrangements employed in push-but- 
ton type switches. These switches can be constructed more com- 
pactly than the knife switches of Fig. 11-6, and are therefore more 
desirable for use in radio set analyzers. 


feature in some applications. In the non-locking type, the but- 
ton and contacts release as soon as the finger is removed. 

Several blade and contact arrangements employed in push- 
button switches are shown in Fig. 11-8. A single-pole single-- 
throw switch is shown at (A). It has two blades, each having a 
contact point. When the push-button above the panel is pressed, 
blade 1 is pushed down so that its contact piece engages, or 
makes contact with, that of blade S, This switch is of the open- 
circuit type because it is open unless the button is pressed down. 
On the other hand, it is possible to arrange the blades as shown 
at (B), so that when the button is pressed, the long blade 
is pushed away from blade I, thus breaking the circuit. This 
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ti mll«d ft ekmBd^drcuit switch. By coittbining ttneae two Muds 
««id arraiigruH^iitn as shown at (C), a miigif-pol# doubi^^ 

ikmw Bwi'loh resul'te. I'rt^iising the button opens tlw eunlact 
l^lwoen Mad#* 1 and and simultanecnisly closes the contncl 
between blades f and d. An arnmio^nu^nt whereby two op«i- 
eitouit aingle-palo aingle-tlirow HwitchcH arc ctHiibiiiod to form 
a double-pole single-throw switch is shown at |B). This ar* 
rangi»mont may be exteiuiod to as many pedes m desired. Tht 
two movable arms are coupled by means of a strip at iiiiulafcir^ 
material j this insulated coupling causes sirmiltmiiecais 
and *^break*" of both circuits. 

The switch at (.S'), eompi^sed of two S.FB.T. imlto {on# ef 
the open-circuit and the other of the cloied-oiroult tyj^) Is nue** 
ful when one circuit is to be opened and another circuit is to bt 
closed at the same time. Two 8.P.D.T, switches with the Icwg 
blades coupled as shown at (F) constitute ft D.F.D.T. switch. 
Building up the switch with thr^ 8.P.D.T. iwitohai imulti in ft 
T.F*D.T. combination. Instead of employing two open-rinmit 
S.P.S.T. switch^ as shown at (D), two rltmtnl-cinMutcfi 8.FB.T* 



witohes. may fee combined to construct a D.PS.T, awitoh wMA 

will open two circuits (instead of two circuits) wh^ 

bu^n is pressed. By properly oombbai&g Umm lirndMaeftt*! 

switch blade and contact arrangement^ any dswii^ Sfrftchln^ 
function may be performed by the mere pr^irfng of a butloti* 
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11-13. **Tap’^ or “Rotary” Switches. — There is another 
form of switch which is valuable for some applications in an- 
alyzers. This is called a rotary tap switch. Tap switches con- 
sist of one or more arms of spring metal, such as brass or phos- 
phor bronze, arranged to be rotated over two or more contact 


Fig. 11-10. — A typical . 
4-deck tap switch. The 
contact arm for each deck 
may be seen along a line 
between the No. 4 and No. 

5 on the dial plate. Rota- 
tion of the single knob 
turns all of the contact 
arms simultaneously. 

Oourteay Reudio Oiti/ RrodAtcts Co. 



points by means of a knob, dial or pointer. A simple rotary tap 
switch is illustrated at (A) of Fig. 11-9. This type of switch 
is usually employed where one side of a circuit is to be switched 
to any one side of several circuits in turn. An adaptation of 
the simple tap switch is the bi-polar tap switch shown at (B). 
This is generally used for switching both sides of a circuit to 
both sides of any of several circuits. The bi-polar tap switch 
is used extensively in most modern set analyzers and makes 
possible the application of a single d-c meter to measure all d-c 
voltages and currents in any tube circuit. By incorporating a 
copper-oxide type rectifier, the same meter may also be made to 
read a-c voltages. 

These tap, or rotary switches can be obtained with any num- 
ber of contact points and any number of rotating arms, each in- 
sulated from the other. A typical commercial 4-deok switch 
of this kind is illustrated in Fig. 11-10. It can be seen from the 
illustration that this unit is composed of four decks — it has four 
individual tap switches coupled together. Note that the switch 
is 80 designed that the entire switch mechanism may be mounted 
below the panel with only a knob or pointer above the panel. 
An engraved plate shows the position of the rotating arms at any 
setting. 

11-14. Toggle Switches. — Another form of switch fre- 
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qin#iitlf in i«t iinalyxnr« and other electrical equipmmt 

m the t^ggh switoh. The most common type m th« aingk-pola^' 
»ingl««thrciw awitchi used for ‘^making** and 'lireiiking'* any ln% 
dividual eircult. The toggle switch is obtainable with clilfer«a|,' 
contact arrangt^nifuii.s. A single-pole dmible-throw toggle switeh'-" 
ia illuetrated at (A) of Pig, U-ll. A single-polo triple^throw ' 

Fio. n-lL*«"CA> A tyolcal tlii.'' 
gl©-polt double-throw toggle awltdL 
(R) A typical single-pol# triple- 
throw toggle switch. Nota 
extreme coui|>Mrfuor«f« of tliMit 
switchei. 

W€»tmn Xt^pi. IfWMln €&rp, 

toggle switch is shown at (B). Double-pole single- tlirow, and; 
double-pole double-titrow ty|>es may also be procured. Thsy 
serve the same pxiiiroHcs as the push-button type iwlteh^ shown - 
at (E) and (F) of Fig. ll-S. They opm one or two cireulli 
while clodng one or two others. The toggle form of switch 
desirable from tlie point of view of coinpiictness and hm tiie 
additional advantage that all its contact parts are enclcwd. 

li-lS. Step-By-Step Development of a Typical Set 
alyaer Employing Switches.— To understiuad more easily dtov 
circuit arrangement of a complete modem vidliigcMnirrimt type j 
set analyser cmpl<iying switches for properly «*<muorfiug ^ 
meter to the various terminals of the tube socket under iiiialysit^ 
it will be well to trace, progr^lvely, it« development from a 
simple taiting arrangement step by step. We will ilart with a 
simple analyser capable of toting the various clrouite lertiiln- 
ating at tih® socket of a aimpl® 3-eleotrod® type tube, such m 
was commonly used in the older rtwoivi^rH, and lh«i add to 
step-by-step, suitable provisions for making toe nMCMnary tMii 
for mod«m tub^^ having more complicatetl eleebrode and elrcmil ; 
ammgements* 

Cheeking the Voltages; 

Sine®, in toe early receivers which employ 8-el«to^e 4-pr«sg , 
tubes, toe plate voltage is seldom over tW rnlU and toe ila^ 
meat eurrmt is d-c, all that is nmmmxy to measure toe d*# 
voltages eadsMng at the v«uious terminals of to^ lol^ is a 




CH.XI THE VOLTAGE-CURRENT SET ANALYZER 


251 


4-prong socket connected to a cable and dummy plug, a d-c volt- 
meter and a single-arm contact switch used in conjunction with 
the meter — all arranged in a manner somewhat as shown in 
Fig. 11-12. After the tube has been inserted into the socket of 
the analyzer, and the dummy plug has been inserted into that 
receiver socket made vacant by the tube, the plate voltage 
(voltage, between the plate and filament terminals of the socket) , 
is read on the meter by placing the switch on contact Z. When 
the switch is placed on contact F, the filament voltage is read; 
and, with the switch on contact X, the grid-bias voltage is read. 
This is substantially the connection of the modern analyzer when 
measuring grid, filament, and plate voltages. 

However, when measuring the grid voltage, the meter will 
read ‘^backwards,” or reversed, since the grid of an amplifier 
tube is always maintained negative with respect to its filament, 
and in this test the negative grid is being connected to the 
positive terminals of the meter. It is therefore, necessary to 



Fig. 11-12. — ^Here a voltmeter is used with a sing^le-arm contact 
switch for checking the grid, plate and filament voltages at the term- 
inals of the 4-prong tube socket in the simple analyzer. 

employ a double-pole double-throw switching arrangement in 
the meter circuit, as shown at (A) of Fig. 11-13, to reverse the 
polarity of the meter for the grid-voltage reading so 
that the meter pointer will deflect in the proper direction (over 
its scale). Upon tracing this circuit diagram, it will be found 
that, when the switch-button is depressed, the long blades 1 and 
$ reverse the connections to the meter. This switch is also 
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in mmm where a r0V0r$€d filament-irolta^ge reading ii 
obtidiied — fof inetanoe, in receivers which have their tube ftla^ 
mente ecmniMted In tenet wl^ each other. 

Sinee the d-o filament voltage ia 6.S volt* or 1^, It is difficult 
to aeomrately read the small deflection which is obtained wh«n a 
meter rw^ge of 0-150 volts or higher (which is nectary tm 
reading the plate voltage) is used. Therefore, we must employ, 



meter for nrrersing its connecttoiui when oheektng Mpitlire gfiyi 
voltagesi etc* 

(B) Here a taiMwitch has been added to the vclteieter to 
possible the rapid selection of any of its ranges. The analimr m 
Mg, Xl-ie is shown here with the voitmeter-reversliig swimh iMi 
mmid'-range voltmeter features added* 

(C) Single*pole push-button switch^ maj be employed In i|| 
eircuibi of the voltmeter multiplier^ as shown wmm, to provide muM 
range selection. 


a multi-range voltmeter having a low range of about 8 volhi for 
fllament-voltage measurement, and suitable higher ranges for 
other testa* The circuit arrangement of such a votoeter, witti 
its various multiplier resistors and a tap-switch for seleotiiNI 
ihB ranges, is shown together with the ravening switeh and the 
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rest of the analyzer at (B). The switch used to select the 
various ranges of the voltmeter may be either a single-arm tap- 
switch as shown in (J5), or a number of single-pole single-throw 
push-button switches connected as shown at (C). The latter 
arrangement enables any voltmeter range to be selected by mere- 
ly pressing the proper push button. In this way, it is possible 
to check all the d-c voltages of the tube circuit, regardless of the 
magnitude of the voltage, or the polarity. 

Checking the Currents : It is also important to check the plate 



Fig. 11-14. — The circuit arrangement of (B) in Fig. 11-18, altered 
with a bi-polar tap switch employed to connect the meter to the 
different circuits of the tube. The meter is provided with shunts and 
a current switch for checking the plate and grid currents. The volt- 
meter range multiplier resistances are Ri, Eg and Rg. 


and grid currents of the tube. This can only be done by break- 
ing into the plate and grid circuits and inserting a milliammeter 
of proper range, depending upon the type of tube to be tested. 
This means that an additional milliammeter must be used unless 
the single meter employed in our analyzer is a low-range midli- 
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timimjiifr wi^i the proper multiplier and sliniit tmmiQm to en- 
able it' to measure botli voltage and low current. In order to 
possible tti® use of a single meter for both voltage and our- 
rmt measurements, it is necessary to modify the arraagem^t 
dbown at (B) of Fig, 11-13, by wiring into tlio circuit a bi-polar 
•witch to connect the inilliammeter to the different circuits of 
toe tube, as shown in Fig. 11-14. In this circuit, the use of tot 
M-polar switch enables the checking of the grid voltage without 
toe necessity of employing the polarity-revor.*-ing switcii which 
was used in Fig. 11-13. However, tois switch is retained, since it 
is necessary when checking the scrccn-grici voltage in 
grid tubes* 

By tracing the meter connections for each petition of itie tap 
•witch, it can be mm that instead of breaking into Hie plate 
and grid circuit® to connect the meter for current rciulingH, toe 
milliammeter shunt resistors are penuuncntly conuMted in the 
grid and plate oircuKa of the tube. This arrangomoui cUminaies 
two switches that might ordinarily be rcciuinnl to perform tois 
function If this arrangement were not employed. The prcf^cnce 
of these shunt resistors in the grid and plate circuits of the tub# 
has no effect upon the grid and plate voltaic nadingi, m toeir 
resistances are veiy low. For instance, when a 0-1 ma, metttf 
is used, the 10-ma. shunt has a rwisiance of approKimatcly 3 
ohms, and the 100-ma. shunt a fraction of an ohm. ^CkmsecitjmiHyi 
the voltage drop across these resistom is too small to botoiv 
about. 

Heview of the Analyser Circuit Thus Far Develop^il; 

In order to more clearly understand toe op«rati«i of toe 
imalyser which we have built up thus far, let m trace tb© par- 
ticular parts and wiring toat ai^ in operation wh^ toe ^l^lor 
switch is set at each position. The simplified oireuite which «risl 
for each position of the switoh are shown in Mg. ll-li. As c«® 
be 'Se«a from (A) of Fig. 11-15, when tine bi-polar, or 
switch it set at toe F,F. (fliammt volts^) potion, tot 
is connected directly acrow to® filament terimiaali of the 
socket whm mj me of toe voltagc-^rang^i puto-buiton iwitoh^ 
are pre«i^- 'l^e advimtige of conm^yUng toe voltoge rMi^ 
multiplier rwiistoxs, Bm, Rb^ R$ to puah-butom m 
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shown, is to prevent possible injury to the meter, which might 
occur if the tap-switch arrangement illustrated at (J5) of Fig. 
11-13 were employed. In the latter case, the voltage range tap- 
switch must first be set at the proper position before setting the 
bi-polar selector switch at any of its voltage-reading positions, 







REVERSING 
SWITdH --v 
CONNECTS 
HERE / 
METER 


F.V. 

BI-POLAR 


rr^poLAR 

TO 

REVERSING SWITCH 
MULTIPLIERS AND 
METER 


(B> PLATE VOLTS 


BI-POLAR\ 


TO 

METER 

CIRCUIT 


CO GRID VOLTS 



otherwise, the voltmeter range switch might happen to be set 
for the low voltage range when a high plate voltage is to be 
checked. Naturally, the application of the high voltage to the 
meter would damage it. 

With the selector switch in the F.F. (plate voltage) position- 
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til® circuit of the anulyxor would appeiir m picturiKl at |B) of 
Fig. 11-15, The circuit for the fr.F. (grid %^€iltagid setting of 
Uh# bi-polax switch is shown at (C). For plat©- or ttrid-t-urn^nt 
ntteasurementa, the ndlliammotcr is connected aerewi the slnmt 
fmlwkm inserted in the plate and grid circuiti of the tube, without 



Fict an a-e ’roltinater has )mmn aditi lo #«r aaaly* 

«sr f Of ^^ckiag a-e ftlamant Toltagta and liat wltaga* Tha tap- 
iwiteh ahewia at 1^® upiNKr r%ht sel^fes Its irarioiii rai^m 


mj mua%ll«r i?^sto» or switches, a« atiown at (B) and (Sh 
aft«p the button it pr^^. 

Chttdfclnif A^C VEmxmm Voltages: 

The almost uniwrial use of a^ iuhm maleic It atetMary lhal 
the mtmljmt be capable of eiecMng a-c Hito 
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requires the use of an a-c voltmeter with at least three ranges^ 
possibly 6, 10 and 50 volts. If this meter also has a range of 150 
volts, it can be employed for the measurement of a-c line volt- 
ages; if the range of the meter is as high as 750 volts, then the 
output voltage of the high-voltage secondary of the power trans- 
former can also be checked. By connecting such an a-o volt- 
meter to the filament circuit by means of a five point tap-switch, 



(A) 


(B) 



Fig. 11-17. — (A) How a 6-prong socket is added to our analy 2 er 
to make it possible to analyze the circuits leading to 5-prong tubes 
in receivers. 

(B) A 4-hole 6-prong adapter to be used at the end of the 
4-prong dummy plug when the circuits to a 6-prong tube are to be 
tested. The internal connections are shown dotted. Note that the 
K, and one F terminal are connected together. 

as shown in Fig. 11-16, it is possible to measure all a-o filament 
voltages. 

Checking Indirect-Heater Type Tube Circuits: 

Indirect-heater type 6-prong tubes are employed in many 
receivers, so it is necessary to modify our analyzer design to 
accommodate this type of tube. This means that a 5-prong soc- 
ket must be incorporated in the analyzer and connected into its 
circuit as shown at (A) of Fig. 11-17. The 4-prong cable plug 
must then be provided with a removable 6-prong adapter, pic- 
tured at (B), to be used when the circuits to a 5-prong tube are 
to be tested. This analyzer circuit arrangement is satisfactory 
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•o long a« th© UY, or ty|>e 227, tub© k erapltiyeil m a **gricl-* 
typ# detector with the cathode eleiirieot eoaaecteci to 

growiad potential; but, when this tub© i« finpltjyiMi m a **power*' 
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**mimemm** «witoh mmt he added so that grid aad plate voltagw 
mm b« rafarred eitiher to tise cathode or to the filmmetit, respoo- 
Umijp for 5* or 4«prong tubes* m shown in Fig. 11 -IS, Since a 
S-wire cable and 5-prong teat plug are now used, the adapter 
at the lower left is necessarjr when checking the circuit 
to 4-prong tubes. Notice that it has 5 holes and 4 prongs. 
Checking Screen-Grid Tube Circuits: 

In its present state, our analyxer can only make voltage and 
ourrent measurements on unscreened tubes, n/gardless of whether 
they are of the a-c or d-c type. If screen-grid tube oirculti sort 
to be tested, means must be included for the measurement of 
scr«n voltage and current. But the control-grid element in l^e 
screen ®rid tube Is not connected in the same relative po«itl«i 
on the eooket as the control-grid on untoreaned tubw— It oon** 
nects to a special metal cap on top of the tube. What is norm- 
ally the eonfroi-grtd prong In unscreened tubes is the sereen- 
grid prong in scrccn-grid tubes. 

Another position must therefore be added to the bi-polar 
selector switch to measure the control-grhl voltage, as shown 
In the circuit at (A) of Fig. 11-10. Th^e changai make neoM- 
sary a 0-wire cable to the dummy'^plug. One of these wires (fw 
the control-grid circuit) must be provided with a clip at tkm ''an- 
alyser end*' for clipping to the control-grid cap of the toibt. 
At the dummy-plug end, it must be provided i?dth studa, m dbal 
the control-grid lead In the rmmlrmr may be clipped on to 
studs for contact. The position of theee studs on the plui^ ii 
shown at (jB). It can be seen from (A) ttiat, when the bl*pilar 
switch is at the C.C?. position, cacitrol-gyid vol^e of 
screen-grid tubes can be read; and that, wlti^ the swiioh in ttit 
portion, the conteol-giid volti^ of other tul^, 
ai> well as dbe s<;rcon-grld voMge of scnwn-pid tub«, em 
oheolmd. Wh«a mta«iring screen-grid in Mb 

however, the mcter-roversing switch meat be prmmHl in csritar ‘to; 
cb^n a reidittg of correct polarity, 
tise of Separate Meter Shunts: 

The chcN^king of the voltages and mnmh^ otisting at the 
socket teminals of the many different tyi^ of tubas tinployed 
in radio receivers requires scctreme flesdbility in tihe diaipi of the 



CH.XI THE VOLTAGE-CTJERENT SET ANALYZER 


261 


switching system — the very foundation of any analyzer. Plate and 
screen currents vary within wide limits, so that, if our analyzer 
is to be as useful as possible, we must discard the fixed shunt 
system and use separate shunts, any one of which may be thrown 
into use by merely pressing the proper ^‘current^^ button. A 
typical double-shunt switching system making use of two 



Fig. 11-20. — double-shunt switching system which makes use 
of two S.P.D.T. switches for providing two current ranges for grid 
current and screen current measurement. 

S.P.D.T. switches is illustrated in Fig. 11-20. The analyzer 
now is satisfactory even when the voltages and currents at the 
socket terminals of output pentodes (5-prong tubes) are being 
checked, since the only difference between the base connections 
on these tubes and UY-type tubes is in the location of the 
^*cathode'' prong. In the pentode tube, the prong which would 
normally be the '‘cathode^' prong is connected to the ‘‘screen- 
grid'^ element within the tube instead (see Figs. 6A and 5B on 
page 1272). Hence, the screen-grid voltage of a filament-type 
pentode tube can be read with our analyzer by placing the 
'eeleotor ewitch- in^ the /''^cathode Tolts*'^ (Jt.K.) position, „ pressing 




tm MODEBN RADIO SERVICING OH, XI 

the proper voltage-range switch, and reading the meter. 
Testittg Tubes and Measuring Resistance with the Analyser: 

Aside from being able to measure the various voltage and 
current values existing at the tube socket terminals, the analyser 
may also be used to test tubes, although a separate tube checker 
will give more satisfactory results because of the probability 
that the voltages applied to the tube will be more near the 
proper values. A satisfactory method for determining the worth 
of a tube is by checking its mutual conductance {see Art*. S-8 



Fig. 11-21. — Circuit arrangement for incorporating a grld’^titft 
test for testing tubes in the set analyser. 


and 8-15) by the ‘'grid-shift^' test. Invariably, this is done by 
noting the change in plate current when a small 8- or 4|4-voIfc 
battery is switched into the grid circuit of the tube under t«t 
in order to alter the grid voltage. By incorporating two double- 
pole double-throw switches and a small 4^/4-volt batteiy inki 
the developed analyser, as shown in Fig. 11-21, it is p^ible to 
obtain a rough check on the mutual conductance of the tuhm. It 
is interesting to note that thousands of analy*«» of thli form 
have been built and have rendered excellent service. The eame 
tube-testing battery may also be used to provide ohmme^r 
facilities, the scale of the meter being calibrated to imd "ohms'*. 
The circuit arrangement for this feature is ^own in Fig* ll-S®. 
The switching arrangement may also be arranged to providii for 
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the measurement of external voltage, current, and resistance. 
(The testing of radio receivers by means of the voltage-current 
analyzer will be discussed in detail in Chapter XX). 

Testing 6- and 7-Prong Tube Circuits with the Analyzer: 

All that remains to bring our voltage-current analyzer up to 
date is to incorporate facilities for testing the circuits of six- 
and seven-prong tubes. Two methods are available for doing 
this: first, the analyzer circuit may be re-designed to accommo- 
date two new sockets; and second, the present sockets and the 
analyzer plug may be used with adapters (see Arts. 8-29 to 8-34) . 

The first method, of course, is preferable. It obviates the 
necessity for having numerous adapters, and results in a clean- 



-4.5 VOLT t:' 
BATTSmr 


5000 

OHM5 


c 


TEST UEAm 


I 

ADJUST FOR "zero OHMS 

orVull scale" with 
test leads " j^X^pTEO"' 


Fig. 11-22. — Circuit arrangement for using the meter in the 
analyzer as a “series” type ohmmeter. 


cut analyzer with a minimum of extraneous parts. Since the 
plug should be of the six-prong type, 4-, 5-, and 7-prong adap- 
ters are required to make it universal. In many cases, the plug 
is equipped with seven prongs, and 7-to-6, 7-to-5, and 7-to-4 
prong adapters are used. 

The second method of attack has the distinct advantage of 
circuit simplicity and is the method that will be followed here. 
The thousands of owners of similar types of analyzers will thus 
appreciate the reason for the use of adapters and, what is more 
important, a logical method of modernizing present analyzers of 
this general type will be presented for use when additional new 
tube types appear. Then, too, it is the purpose of this chapter 
to stress only the general construction of set analyzers, not to 
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ejcplain the many different types of switching systems. Once the 
general scheme has been learned, changes may be made by the 
individual himself in order to nieot any special requirement. 



Fio. 11-2S.-- Seven- 
prone anelyier dum- 
my pTug end four edep- 
ters for edepting it to 
0-, 6-, 4- end *7 (large 
base) -hole soekete. See 
Fig. 11-24 for the in- 
ternal wiring of theae 
adapters. Notice the 
control-grid itudt on 
the dummy plug. 

fk4 0 #, 


A typical 7-prong dummy plug is illustrated in Fig. 11-23 
with the requisite 7-to-6, 7-to-6, and 7-to-4 prong adapters 
and a 7-to-7 prong adapter for large base seven-hole sooketa. 



F F 

(A) 7-7 ADAPTER 



F F 

CC'3 7-5 ADAPTER 



Fm. 11.14.— In- 
ternal wtrint 
the four anaipar 
adapters luw. 
tmted 
11-2S. 


in mg. 


The internal wiring of these adapters is deidoted in Fig. 11-94. 
Of course, an 8 wire cable muist be used. 



<3H.XI THE VOLTAGE-CURRENT SET ANALYZER 


266 


Many service men now own voltage-current type set analyzers 
that are able to test the circuits of screen-grid and pentode tubes. 
By employing suitable adapters, most of these analyzers can 


CLIP CLIP 



Fig. 11-26. — Two-part 
adapter for analyzing: 
the circuits to *22, *32, 
and *34 type tubes when 
the analyzer is equipped 
with a 4-proiig test 
plug and a 4-wir© cable. 


be modernized for the testing of all the new tubes and their 
•circuits. In some instances, it will not be possible to analyze 
each individual circuit of a tube, but the principal measurements 
may be made and the tube may be tested for its mutual con- 
ductance. Several of these adapters will now be described. The 
design of an analyzer determines the number of adapters required 


Pig. 11-26. — Two-part 
Adapter for analyzing 
"the circuits to *24, '86, 
*86, *88, *39, *44 and *61 
type tubes when the 
Analyzer is equipped 
with a 4-prong test 
plug and a 4-wire cable. 


CLIP CLIP 



for modernization. In the following sections, therefore, several 
of the more common designs, including the one developed in 
Art. 11-15, will be considered. 

11-17. Adapters for Analyzers having 4-Frong Test Plugs 
mid 4^ Wire Cables . — If the analyzer is equipped only with a 
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4-praRg test pltig and a 4-hole socket, the combination adapter 
illustrated in Fig* 11-25 may be used for testing 4-pr0ng screen- 
grid tubes of the '22, '32, and '34 types without the need for 
to 4- or 4- to S-prong adapters,^ With 6-prong screen-grid 
tubes of the '24, '35, '36, '38, '39, '44 and '51 types, however, 
the combination adapter shown in Fig. 11-26 must be employed* 


Pig. 11-27. — Two-part 
adapter for analyzing 
the circuits to ' 88 , '46, 
'47, '49, etc., tube* with 
an analyzer equipped 
with a 4-prong test 
plug and 4-wire cable. 


36 "L£AD-s 



These tubes may be tested and all their circuit®, excepting the 
screen-grid and cathode circuits, may be analyzed with this 
adapter. 

If the analyzer employs a 4-prong test plug and a 4-h0le 
socket, output pentode tubes may be tested with the combina- 
tion adapter illustrated in Fig. 11-27. 

For analyzers that are cqtiippcd with 4-prong test plug® «id 
4-hole sockets, the 6-prong tubes and circuital may be analyst 
by employing the combination adapter shown In Fig. 11-^. 
With this adapter, however, no check on cathode or screm volt- 
age can be made. As can be seen, this adapter consist* of two 
sections, each with two clips. Tubes of the '66, '67, '76, '77, 

'78, '86, '89, 6C6 and 6B6 types are tested by placing iectioa 
(A) of the adapter on the test plug and inseriiiig ^tion (B) 
into the analyzer socket. Clips Nos. I and 5 are connected to- 
gether, clip No. 4 is connected to the control-grid lead of to# 
stage in the receiver to be analyzed. With this arnmgcmtuii, it 
is possible to obtain a test of the tube md an imalyniH of plat# 

**NOTEt: In the abbreviations 4- to 5-, 6- to 7-, 7- to 4*. ate*, tto 
fkist^ numeral refers to tb© number of 60 !## I» tM Tb# 

second numeral refers to tbe mm^er of pretty# on iJI# 
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voltage, plate current, control-grid voltage, cathode voltage and 
heater voltage. The measurement of control-grid current may 
also be made if the analyzer is capable of performing this test 
(usually designated as *^grid current’^ with triode tubes). In 
the case of 6-prong tubes, such as the T8, ^41, "42, "43, "48, and 
PZH, clip No. 1 is connected to clip No. and clip No. S to 
clip No. 4- All circuits may be analyzed, except the screen circuit. 

Il-'IS. Adapters for Analysers having 5-Prong Test Plugs 
and 5- Wire Cables. — When the set analyzer comes already 
equipped with a 5-prong test plug and a 5-wire cable, a 5- to 4- 
prong adapter is usually supplied with the plug for the testing of 
4-prong tubes and their circuits. If the analyzer does not con- 
tain a 4-hole socket (only a 5) , a 4- to 5-prong adapter is always 
furnished so that 4-prong tubes may be inserted into the an- 
alyzer. In the 4- to 5-prong adapter, the cathode terminal is 
tied to one of the heater terminals, but in the 5- to 4-prong adap- 
ter, the cathode circuit is open. 

By employing the combination adapter shown in Fig. 11-29, 
"22, '32, and '34 type 4-prong screen-grid tubes and their circuits 
may be analyzed. As may be seen from the illustration, this 


Pio. 11-28. — Two-part 
adapter for analyzing 
the circuits to "66, "67, 
"68, "77, "78, etc., and 
"18, "41, "42, "43, "48, 
PZjEI, etc., tubes when 
the analyzer is equipped 
with a 4-prong ping 
and a 4-wire cable. 


CLIPNO.I NO.? NO. 3 NO- -4 



device consists of two adapters, one of which (A) is placed on 
the 6-prong test plug. Then the usual 6- to 4-prong adapter 
supplied with the analyzer is inserted on this adapter. The 
other one (B) is inserted into the analyzer socket if a 5-hole 
test socket has been provided, and the usual 4- to S-prong 
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adapter supplied with the analyzer is inserted into this one. In 
this way, 4-prong screen grid tubes may be inserted into this 
latter adapter for test, and their circuits analyze<i. The clip 
on section (A) of the adapter is fastened to the control-grid 
lead of the stage in the receiver that is to be analyzed, and the 
clip on section (B) is fastened to the control-grid cap of the 
tube that has been inserted in the analyzer. In this way, the 
tube may be tested in the conventional manner and an analysis 
of all its circuits made, except for the screen-grid circuit. 

By employing the combination adapter of Fig. 11-29, screen- 
grid tubes of the '24, '36, '38, '39, '41 and '51 types (5-prong 
screen-grid tubes) may also be tested, and all their circuits an- 
alyzed except the screen-grid circuit. The same procedtire de- 
scribed in the preceding paragraphs is followed, but, in this case, 


CLIP CUP 



Fid* ll-te.— Two-part 
adapter for azndwlng 
the circmita to 'Si, 

'34, m and '51 

tube when the aimlyMr 
is equips^ with a 5- 
prong plug and a 5- 
wire eaole* 


the 5- to 4-prong and 4- to 5-prong adapters are not SeeMoo 
(4.) of the adapter is placed directly on the 6-proiig t^t plug and 
the clip is fastened to the ooatrol-gdd lead in the receiver, fic- 
tion (B) is iU'Serted into the 5-hole socket of the analyier and Ibi 
clip fastened to the control-gdd cap of the tube, 

' ,The testing of ^ output pentode tubes such .a® the 'S5, *47, 

'GA, 'LA, and 'PZ and their circuits with analysers cquippeti 
with 5-prong test plugs and 5-hole sockets should not present any 
difficulties, and an adapter is unnecessary unl^ the analyser 
has not been designed to measure high values of cathode volt- 
age, As has been explained previously, the only dlffenaace be- 
tween the base prong connections of pentode tubes and other 
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6-prong tubes is iu what is normally the ‘^cathode’’ prong. In 
the pentode, this prong connects to the screen-grid element of 
the tube. When the range of the analyzer is limited only to 


36' LEAD*) 



Fig. 11-30. — Two-part 
adapter for analyzing 
the circuits to *83, '48, 
*47, *49, etc., tubes 

when the analyzer is 
equipped with a 6- 
prong test plug and a 
B-wire cable. 


low cathode voltage measurements, or to none at all, as is the 
case with some old testers, the combination adapter shown in 
Fig. 11-30 may be used. Section (A) of the adapter is placed 
on the test plug and section (B) is inserted in the analyzer 


Fig, 11-31. — Two-part 
adapter for analyzing 
the circuits to *66, *67, 
*68, '76, *77, *78, etc., 
tubes, and the *18, *42, 
*48, *48, PZH, etc. tubes 
when the analyzer is 
equipped with a 6- 
prong test plug and a 
6-wire cable. 


CLIP NO. I NO. 2 NO. 3 NO. 4 



socket. With this adapter, then, the screen-grid circuit of pen- 
tode tubes cannot be analyzed. 

The testing of 6-prong tubes and their circuits with an an- 
alyzer provided with a 6-prong test plug, 6-hole socket and a 
6-wire cable, is accomplished with another combination adapter 
such as is shown in Fig. 11-31. This combination idapter is 
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similar to that seen in Fig. 11-27, except for the 36-inch lead for 
the cathode circnit. The tubes which can be tested, and the 
testing procedtire, are the same as outlined for this other adapter. 

When the testing of 7-prong tubes and their circuits with an 
analysjer equipped with a 5-prong test plug and 5-wire cable is 



Fio. 1 1 -S2.— Two-part 
adapter for analyzing 
the circuit* of 2A7, 
2B7, 607, 6E7 and m, 
57B type* of 
when th® analyeer ia 
equipped with a S-jprong 
teat plug and a S-wIre 
cable. 


desired, the combination adapter shown in Fig. 11-32 should 
be used. Tubes of the types 2A7, 2B7, 6A7, 6D7 and 6E7 are 
tested by placing section (A) of the adapter on the tmt plug 
and inserting section (B) into the analyser socket. Clip No. I 
is connected to clip No. 5, oUp No. 0 is connected to the control- 
grid lead in the receiver, and clip No, 4 is fastened to the oon- 
trol-grid cap of the tube under test. With this arrangement, 
plate voltage, plate current, cathode voltage, oontrol-pid voltage, 
and heater voltage may be measured, and the tub® may be t^ted 
for “mutual conductance.'^ In testing 7-prong tub« such as Uh# 
and '59B, clip No. 1 is connected to clip No. f, sad clip 
No. S is connected to clip No. 4* All circuits may be analysed 
but the suppressor- and screen-grid circuits. 

11-19. Adapters for Analyzers having 5-Frong Tast Flti^ 
and 6-Wire Cables.^ — ^If the analyser has bean dorigned far the 
testing of 6-prong screen-grid tubes, with imilMm for 
ing screen voltage and current, the adaptor necessary fer t^dag 
6-prong tub© circuits, (shown in Fig. 11-33) is nirt rmj cem- 
plicated. The test plugs on these analyzers are provided ipfilh a 
stud on the test plug to which the contral-i|pid lead in the 
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is connected. This stnd is connected to the control-grid term- 
inal or lead on the analyzer through a 6-wire cable with which 
the test plug is equipped. 

The combination adapter pictured in Pig. 11-33 is composed 
•of two sections, each provided with an external lead termin- 
ating in a spring clip. In testing 6-prong tubes such as the ^55, 
'57, ^58, 76, 77, 78, ^85, ’89, 6C6 and 6D6, clip No. 1 of section 
(.4) of the combination adapter which fits on the analyzer 
plug is connected to clip No. 2 of section (.B) which is inserted 
into the analyzer 5-hole socket. The control-grid lead in the 
receiver is connected to the stud on the test plug, and the an- 
alyzer control-grid lead is fastened to the top control-grid cap 
•of the tube under test. With this arrangement, an analysis of 
all circuits except the suppressor-grid circuit may be made. 
When the circuits of 6-prong tubes such as the '18, '41, '42, '43, 
'48 and PZH are to be analyzed, section (A) of the adapter is 
’placed on the test plug and section (B) is inserted in the an- 
alyzer. In this case, however, clip No. 1 is fastened to the 


Pio. 11-38. — Adapter 
for analyzing the cir- 
•cuits to ^66, '67, '68, '76. 
77, '78, etc., tubes, and 
■to '18, '41, '42, '48, '48, 
PZH, etc., tubes when 
the analyzer is equip- 
ped with a 5-prong 
plug and 6-wire cable. 


CLIP NO. r CLIP NO. 2 




'Control-grid stud of the test plug and clip No. 2 is attached 
to the control-grid cap of the tube in the analyzer. This latter 
procedure makes the testing of all circuits possible. 

Analysis of 7-prong tube circuits with a set analyzer equipped 
with a 6-prong test plug and 6-hole socket is difiBlcult, since the 
internal elements of the various 7-prong tubes are not connected 
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to the base pins in any systematic or definite manner. For 
example, the type *63 tube, a double output triode mounted in 
a single glass envelope with a common cathode sleeve and em- 
ployed in Class B amplification, has one plate connected to the 
conventional plate prong and the otiier plate connected to the 
conventional cathode prong. The 2B6, also a twin tube, but 
utilized as a Class A amplifier, has one plate connected to the 
conventional plate prong and the second plate connected to the 
conventional screen -grid prong. Thus, in these two cases, it 
would be necessary to test the emission (plate current) of both 
plates to determine the value of the tube as an amplifier. 

For this reason, and because of the fact that old test equip- 
ment is usually not designed to measure cathode and screen-grid 
current, testing of the *53, 2B6 and other tubes whose base pins 
are unconventionally connected requires that too many com- 
plicated adapters be used. Where the analyser is provided with 
a 6-prong test plug with control-grid stud (S-wire cable), and the 
testing of screen-grid tubes is possible, the situation is less ser- 
ious. In the case of analyzers not equipped for the analysis of 
screen-grid tubes, rewiring the set analyzer to accommodate these 
tubes is suggested, since this method is simpler and much l©«s 
expensive than employing an array of complex test adapters. 
The rewiring would involve the installation of an additional 
switch or two (see Testing d- and 7<-prong t%ihe with tim 

analyzer^ in Art. 11-16), a test plug with a control-grid »tud 
connection, a control-grid connection on the analyser to con- 
nect to the control-grid cap of screen-grid tubes, and m fi-wlr#' 
cable in place of the 6-wire cable formerly used. In some in- 
stances, extra switches are not needed, as many set analy^ra 
are provided with bi-polar or selector switches having om «r 
more spare blank positions which may be used for such contim- 
gencies. 

Analysis of 7^prong tube circuits with titers ciutiloying 
a 6-prong test pluk having a control-grid stud for the testing 
of 6-prong screen tubes (6-wire cable), requires the comblnaticm 
adapter shown in Fig. 11-34. When 7-prong tubes of the types 
2A7, 2B7, 6A7, 6B7, 6D7 and 6E are encountered, section (A) 
of the adapter is fitted on the test plug, section (B) in inserted 
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into the analyzer socket, and clip !No. 1 is connected to clip 
No. The control-grid lead in the receiver is fastened to the 
stud on the test ping, and the control-grid lead in the analyzer 
is placed upon the top cap of the tube under test. An analysis 
of plate voltage, plate current, screen voltage, screen current, 
cathode voltage, control-grid voltage and heater voltage may 


Pig. 11-84. — Two-part 
adapter for analyzing 
the circuits to 2A7, 
2B7, 6A7, 6B7, 6D7, 

6E, etc. tubes, and '69, 
’69B, etc. tubes when 
the analyzer is equip- 
ped with a 6-prong 
test plug and 6-wire 
cable. 


CLIP NO. I CLI P NO. 2 



be made with this adapter. In the case of the types ^59 and 59B 
7-prong tubes, clip No. 1 is attached to the test plug stud, and 
clip No. ^ is connected to the control-grid lead of the analyzer. 
With this arrangement, the tube may be tested, and all circuits 
(except the suppressor-grid circuit) may be analyzed. 

11-20. Adapters for Analyjzrers having 6-prong Test Plugs 
and 7- Wire Cables. — The testing of 7-prong tubes and circuits 
with an analyzer employing a 6-prong test plug and 7-wire cable, 
(and designed for the testing of 6-prong tubes and circuits) re- 
quires the two simple test adapters, shown in Tig. 11-36. One of 
them (A) is placed on the test plug and the other one (B) is 
inserted into the analyzer socket. With tubes such as the 2A7, 
2B7, 6A7, 6B7, 6D7 and 6E7, clip No. 1 is connected to clip 
No. All circuits but the anode plate or first diode plate may 
be analyzed, as seen in the illustration, by attaching the con- 
trol-grid lead in the receiver to the test plug stud and the con- 
trol-grid lead in the analyzer to the top cap of the tube. With 
the ^69 and '69B tubes, clip No. I is connected to the test plug 
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«tud and clip No. iB is fastened to the analyser control-grid 
lead. With this arrangement, all the oirenits may be anady»ed. 

11 -21, Advantages of Modern Analy^sers-— It is clear that 
the use of an analyzer equipped to handle the latest tubes with 
the least number of adapters has very decided advantages over 
the use of an old analyzer modernized with a large number of 
adapters. However, the cost of many of the older analyzerB was 
quite high, and service men having them may not want to dis- 
card them. The adapters described here will be suitable for such 
cases. In the following chapter, point-to-point analyzers cap- 
able of making resistance, voltage and current analyse® of re- 


CUPNO.I CLIP NO. 2 
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Fm. ll-S6.~Adapt«if 
for analyzing the cir- 
cuit® to 2A7, 2B7, 0A7» 
6B7, am, 6E7, #t% 
tubes, and ^50, 
tubes when the analy- 
zer is equipped with a 

6- prong test plug and 

7- wira cahla. 


ceivers, will be studied. In Chapter XIII, constructional detail® 
of a modem set analyzer suitable for home construction and 
capable of checking resistance, current and voltage in a reoelT«r 
will be presented. In Chapter XIV, the circuit arrangement® of 
several representative modem commercial set analyzers wili he 
studied in detail. Interesting and instmotiv© circuit details which 
they possess will be pointed out. 

11-22. Use of the Voltage-Current Analyzer in iteceiver 
Testing. — The analysis of radio receiver® by mean® of the 
voltage-current analyzer will be considered in detoil in Chap- 
ter XX. 

. ; . ’ REVIEW QUESTIONS 

1. What is the main function of the radio set aniily»«r «r toitoef 
Explain fully. 
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2. What is th« advantage of using a set analyzer or tester instead 
of checking the various voltages and currents directly at the 
terminals of the tube sockets of the receiver with a suitable volt- 
meter and milliammeter ? 

3. Explain briefly the idea of the set analyzer. Draw a single 
sketch illustrating its principle of operation. 

4. Show by a simple clear sketch how individual meters would have 
to be connected to make the necessary voltage and current tests 
in a socket-analysis test of a type '68 tube used in the r-f ampli- 
fier stage of a superheterodyne receiver. (See Tube, and Tube 
Socket Connection Charts in the AppeTidicc) , 

6, Explain the advantages of employing meter-switching and meter- 
range multiplying systems in radio set analyzers. 

6. What is a push-button switch? What inherent advantages, if 
any, does this type of switch possess? 

7. Draw a sketch of a push-button type switch which will close 
three circuits when the button is pressed down, and will open 
all of these circuits and close two separate ones when the button 
is released. Explain its construction and operation. 

8. What is a bi-polar switch? How does this type of switch differ 
from a push-button switch ? What can it do that neither a knife 
switch nor a push-button switch can do? 

9. Why is it necessary to provide a means for reversing the meter 
connections in a set analyzer? Draw a simple sketch showing 
the connections of a push-button switch capable of accomplish- 
ing the reversal of the meter polarity (showing the meter circuit 
also). 

10. For what tests is an a-c voltmeter used in a set analyzer? 

11. Describe, with the aid of a sketch, the pin-jack system used for 
connecting the meter to the various tube circuits in some set an- 
alyzers. What are its advantages and disadvantages? 

12. WThat is meant by a “locking'' type push-button switch ? 

18. Explain the value of incorporating a grid current test into the 
analyzer. Draw a simple sketch showing clearly how this is 
done. * 

14. By means of a diagram, show clearly how tubes may be tested for 
mutual conductance by the “grid-shift" method, in the set an- 
alyzer. Explain the advantages and disadvantages of making 
this test in the set analyzer instead of with a separate tube 
checker. 

16. Your analyzer is equipped for the testing of 5-prong tubes such 
as the '27 type. Draw a diagram of a simple test adapter that 
would provide a means for testing a type '44 tube and making an 
analysis of its circuits veith your set analyzer. Explain the test 
procedure to be followed. (See the Tube and Tube Socket Con- 
nection Charts in the Appendix at the rear of this book.) 

16- With the same analyzer mentioned in the preceding question, 
you wish to analyze the circuits of a tjrpe 69B tube. Draw a 
diagram showing the adapter required for this purpose. 

17. What are the advantages of test adapters? Mention briefly 
several Instances when test adapters are impractical. 
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18. Draw clear sketches showing the socket connections of tiie ’87, 
’77, 6A7, '69 and ’76 tubes Cooking down on top of the socket). 
Explain the value of knowing the socket terminal connections 
of the various tubes when making an analysis wlGi a set 
ansilyser. 

18. To indicate proper operating conditions, is it necessai? that the 
voltage-current analysis should show the various voltages and 
currents existing at the tube socket terminals to be practically 
identical with the values shown on the manufacturer’s chart for 
that particular receiver? State the reasons for your answer. 

20. What difference would it make if the tube taken from the receiver 
under test were not plugged into the aimlyser during the analy- 
sis of the circuits leading to that tube? Explain! 

21. In your opinion, what is the difference between an "inoperative" 
receiver and a “defective’’ receiver. 

22. Discuss two general methods of modernizing existing set analy* 
zers. What are the advantages of each method? 


CHAPTER XII 


POINT-TO-POINT TESTING 

12-1. Limitations of Voltage- Current Analyzer Method of 
Testing.^ — ^The method of voltage-current receiver analysis de- 
scribed in Chapter XI is based upon the fact that defects in a 
receiver will manifest themselves by incorrect voltages and cur- 
rents at the tube sockets. Open plate circuits will result in zero 
plate voltages and plate current ; open grid circuit cause zero grid 
voltage and current (regardless of which grid circuit is consid- 
ered) ; open cathode circuits will result in zero grid and plate 
voltages because the cathode circuit is common to both the grid 
and plate circuits. 

Incorrect voltages at a certain tube socket are indications of 
probable short-circuits, high-resistance grounds, etc., in the cir- 
cuits leading to this particular tube socket. However, it should 
be clearly understood that this method of analysis of current 
and voltage at the tube sockets merely serves to point out the 
stage in trouble and gives a general picture of what may be the 
specific difliculty. Modem radio receivers, however, are becom- 
ing increasingly complex, with their involved circuit networks, 
and abnormal current or voltage readings at the tube sockets 
may be frequently caused by any of several defects which can- 
not be analyzed from such readings only. The voltage-current 
type of set analyzer merely extends the connections of the tube 
socket of the set to an external tube socket outside the set; it 
does not necessarily enable the operator to determine exactly 
which part of the circuit leading to the tube socket is at fault. 
In most cases where complicated receiver circuits are encount- 
ered, the receiver must be removed from the cabinet in order to 
make all the additional tests which may be necessary to locate 
the particular part which is at fault and which must be either 
repaired (if repair possible and advisable) , or replaced. 
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Tkea, too, there are many receiver circuits with higli-resist- 
ano® de"COupling filters in the grid and plate circuits. These are 
used to localisse and segregate the r-f or i-f currents to tine par- 
ticolar stage to which they belong, thus preventing interstage 
©oupHng. Unless it employs a very high-resistance voltmeter for 
checking the voltages, the grid or plate voltages as read by the 
usual voltage analyzer will be so incorrect that it is impossible 
to tell if the plate or grid circuit is normal or not. While the 
larger set manufacturers list the actual voltages (as read by a 
meter of certain sensitivity) which exist at the various tube ter- 
minals, this information is not always available, in which case 
the service man is at a loss to know if the considerably de- 
creased grid or plate voltage readings he obtains are normal or 
not. 

The avc circuits in modern superheterodyne receivers present 
typical examples of these conditions. Checking the voltages in 
many parts of these circuits with an ordinary voltmeter is quite 
senseless because the circuits contain such high resistances (over 
1 megohm) that the comparatively low resistance of the volt- 
meter (which really shunts the circuit under measurement) causes 
a comparatively large change in the voltage. Therefore, an er- 
roneous reading is obtained. This means that unless a vacuum- 
tube voltmeter (which has a very high input impedance and 
therefore draws little or no current from the voltage source) is 
used for checking these voltages, resistance tests on the individ- 
ual units in the circuits must be made instead. The value of 
each resistor in the circuits suspected must be checked with tiie 
ohmmeter and then compared with the oorreot value i^peoiflmi 
by the manufacturer. Examination of the manufacturers^ voltage 
analysis charts for many receivers shows that they compl^;dy 
omit all grid voltage readings which must be read either mrcm 
(or through) very high-resistance circuits. 

12-2. Definite Conditions lor Satisfactory Voltage-ctir- 
rent Analysis. — ^The comparison of the voltage reading ob- 
tained by means of a voltage-current t 3 rpe analyaw, and thcww 
specified by the set manufacturer, involves certain definite ocm- 
ditions which must be fulfilled if the readings taken by the serv- 
ice man are to have any important significance, riwt, the line , 
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voltage must be the same as that specified by the manufacturer; 
this involves measurement of the line voltage and the adjustment 
of its value — by some means or other — ^to that specified by the 
manufacturer who supplies the voltage data. In many large 
cities, the line voltage is fairly constant and little or no adjust- 
ment is required. But in smaller communities, it is not uncom- 
mon to have the line voltage vary from 90 to 125 volts, depend- 
ing upon the time of day, the season of the year (in industrial sec- 
tions), and the capacity of the power plant. A rise in voltage 
from 90 to 125 volts is an increase of nearly 40% . If the effects 
of such variations are considered along with the errors caused by 
erroneous readings of the voltmeter because of its resistance, it 
takes the knowledge gained by years of experience to make an 
accurate guess as to whether the voltage readings obtained are 
correct or not — and guessing should be avoided whenever possible.. 

Second, the tubes used must be in good condition. In gen- 
eral, tubes with low emission give rise to an increase in all volt- 
ages applied to the tubes, because the load on the B -power supply 
unit is below normal. And in extreme cases, this increased volt- 
age due to the poor regulation of the power supply may com- 
pensate for some other defect which ordinarily might decrease 
the tubes^ voltages. Under these conditions, the voltage analysis 
can hardly reveal the trouble unless good tubes are used. 

Third, the voltage analysis method can be used only when 
the fault of the receiver is such that no additional harm can be 
done by leaving the set turned on during the time it takes to 
complete the test. It may take ten minutes or so to make plate- 
and grid-voltage measurements on five or six tubes with an 
analyzer, and during this time several other components may be 
damaged. For instance, a short-circuited bleeder resistor may 
bum out a rectifier tube or a power transformer, if the receiver 
is allowed to remain connected to the line. 

12-3. Resistance Method of Trouble Analysis. — ^From the 
foregoing comments, it is clear that any method of analysis that 
is independent of line voltage conditions, trouble with the re- 
ceiver, or condition of the tubes, is helpful in localizing the faults 
in a radio receiver. A resistance analysis fxxlfills these require- 
ments. This analysis is made with the receiver tximed off. 
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li wM b# noted that the voltage between two points, and the 
eisBWttt flowing between these points, may be determined by the 
voltage-current analyzer, and that the quotient of the two is the 
raiistance betw-een the two points across which Ihe voltmeter is 
eonneoted. This idea is illustrated in Fig* 12- L A voltmeter 
is connected between the plate and cathode, and a miiliammeter 
is inserted in the plate circuit to read the plate current* The 
voltmeter reading multiplied by 1,000 and divided by the mii- 
liammeter reading, gives the resistance (in ohms) between tihe 
plate and cathode. 

But there is no need to take two instrument readmit and 
perform a calculation in order to obtain the r^istance. An ohm- 



Fig. 12-1. — Checking the re- 
eietance between the ^ate and 
cathode in a simple radio cli> 
cuit by means of a milliam- 
meter and a voltmeter* 


Fxa. 12-2* — ^Chftcktng the re- 
sistance between the ]pate ixtd 
cathode in a simple radio 
cult by means of an chxxmieiior* 


meter can just as well be connected in place of the voltmeter, m 
shown in Fig. 12-2; provided the tube is removed from iU socket 
and the set is turned off. The ohmmeter will then indicate the 
resistance directly, which may be compared to Ihe value as 
stated by the manufacturer* Note that this method dmm w&lt 
involve any unstable conditions due to the power line voltage or 
the tube. Furthermore, and most important of all, the presence 
of the ohmmeter ccmnot distwrb the resistance of the path bs- 
tween the plate and cathode, although tihe voltmet^ does dMurb 
the voltage between plate and cathode when a voltage test is 
made. 


In a similar manner, the resistance between grid and oatihode, 
grid and plate, plate and high-voltage lead (in emy clmdt) can 
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be measured conveniently, the only requirement being an ohm- 
meter that can measure resistances within the range from a 
fraction of an ohm to several million ohms. Such ohmmeters are 
readily available (see Chapter V). 

12-4. Point-to- Point Resistance Measurement. — This 
measurement of the resistance between various points in radio 
receivers has come to be known as point-tO’-point resistance 
measurement. The name is derived from the fact that the meth- 
od of test involves the measurement of the resistance from any 
one point to any other desired point that may be accessible. The 
physical means by which this is accomplished will be discussed 
later in this chapter, but sufBLce it to say here that the advantages 
of this system are many, though it cannot entirely replace the 
voltage-current method. 

In the usual case, the resistance is measured from one fixed 
point to any other point in the circuit, the one fixed point being 
called the common reference point. The reason for this reference 
point is apparent when it is realized that in most cases the serv- 
ice man must compare the resistance values he finds by measure- 
ment with the values specified by the manufacturer. In order that 
these measurements may be made under exactly the same con- 
ditions, the chassis of the receiver is commonly considered as the 
reference point for all resistance measurements. It should be 
emphasized that the '^cathode” is not necessarily the proper ref- 
erence point for all receivers. Any point in the circuit that the 
service man thinks will help him solve the problem is the proper 
point; but when definite readings are to be compared with manu- 
facturers' data, the reference point must be obviously the same 
as that used by the manufacturer, and it is usually the chassis. 

As a result of the rapid development and widespread use of 
multi-element tubes, the so-called ‘Tree reference point" method 
of set analysis has become an essential feature of modern set 
analyzers. By this method the voltage or resistance across any 
two socket terminals, or the current in any tube circuit, may be 
tested through the analyzer cable. Although modern tube and 
receiver design imposes limitations on the use of this method for 
some voltage and current measurements, its usefulness for the 
general run of radio service work is unquestioned. 
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12-5. A Typical Point-to-Point Resistance Analysis* - — ■ 
Consider tJhe simple portion of a radio circuit shewn in Fig. 12-S. 
A power transformer T, is connected to a rectifier tub© which, 
in turn, feeds a tube F, as shown. This tube is of the screen- 
grid variety. The high-voltage lead is point A, chassis is point 
B, cathode is C, the screen grid is connected to point i>, and the 
full output of the rectifier is taken at E for plate voltage. The 



Fig. 12-S. — A typical circuit associated with a tube in a radio 
receiver. This may h® analyzed easily by point-to-point reshiiance 
measurements made between the reference points indicated l>y the 
heavy dots- 

9, 500-ohm resistor drops the plate voltage to that n^<|uircd by tli© 
screen grid, and the 10,000-ohm ^'bleeder^^ resistor completes the 
circuit to ground through the 500-ohm grid bias resistor. When 
the receiver is in normal operating condition, the current tlirou^ 
this 500-ohm resistor is the sum of the plate and screen currenti 
of the tube plus that through the 10,0D0-ohm **bl^d©r'* reaietor 
Bjt. In order to prepare the circuit for a complete point-to-pdbat 
resistance analysis, the tube F is removed from it# socket, and 
the a-c line plug is removed from the line reoeptack. This 
the set ^^dead.'^ 

' 'Measur^nent of resistance from point F to point A wi'Ub a 
suitable ohmmetw should give a reading of 50 ohms under nois 
mal conditions. Such a reading, or one very close to it, indicakNi 
that the plate coil L is neither shorted but is nomial in 

every respect. Kote that this test cannot be made with a voltage 
analysis, since the resistance of this coil is so low that, even if 



CH. xn 


POINT-TO-POINT TESTING 


283 


it were partially, or completely, shotted, the plate voltage read- 
ing would hardly be affected. Measurement of the resistance 
between points F and D should indicate a resistance of 9,650 
ohms, the sum of the resistances of Ra and L. It may not be 
possible to read exactly 9,550 ohms on the ohmmeter; but, since 
it is known that L is normal, the reading should be slightly greater 
than 9,500 ohms. Then, too, the actual value of a resistance is 
seldom the same as the marked value, but the difference is usually 
within 10 % , and, if the reading of the ohmmeter is within this 
limit, then it can be considered normal. ^ 

Measurement of the resistance between F and C should result 
in a reading of 19,550 ohms, the sum of the resistances of Eg, Es 
and jL, Tinally, the resistance between F and JB should give a 
reading of 20,050 ohms, the sum of the resistances of Bi, Eg, Ea 
and I/, If these tests indicate the resistances to be normal, then 
all of the resistors shown in the diagram are normal. 

But it may not be possible to get at points D and F in order 
to make the above measurements in the order specified, unless 
the chassis is removed from the cabinet. If this is the case, 
exactly the same information can be secured by measuring be- 
tween other points in the circuit. For instance, one prod of the 
ohmmeter can be inserted in the proper '^filament'^ hole of the 
rectifier socket (the tube is removed first) , to obtain point A, 
and the other prod may be inserted in the ‘Opiate” hole of the 
socket of tube P, to obtain point F. The reading of 50 ohms 
should then be obtained, which checks the condition of the coil 
L. The measurement of the resistance between '^chassis^' and 
point A will check the total resistance of the circuit between B 
and A, and an additional check of the individual resistors may 
be made by measuring the resistance between points A^G and 
i4-C. In order to obtain the resistance of Eg, 9,500 ohms (the 
resistance of jR^) must be subtracted from the -A-C reading- 

When checking resistance by this latter method, it should be 
noted that point JL, the high-voltage line, is used as the reference 
point. The check may be repeated by using “chassis^’ as one 
terminal for all tests, and measuring between point which is 
*'cha8sis^% to C, O and F. By the simple process of subtraction, 
the resistance of any of the components may be determined. 
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Development of a Practical Point-to-Point Reaiat- 
amee Tester. — ^It is interesting to know that points A, B, C, F 
and G' are readily accessible from the sockets and chassis of the 
set, and that by means of an ohmmeter and a little mental arith- 
xneMo the resistance value of the component parts may be deter- 
mined and their condition checked in most cases vdthoiit the 
necessity for removing the set from the cabinsL Of course, the 
circuit diagram of connections and the normal resistance values 
of the individual parts must be at hand. 

Those who have had some experience with radio receivers will 
realize that it is very inconvenient in many cases to probe inside 
the receiver cabinet and explore the set chassis in order to find 
the proper socket hole in which to insert one of the ohmmeter 
test prods. To eliminate the necessity for doing this, point-to- 
point resistance testers or analyzers are built exactly the same 
as voltage analyzers — a plug and cable extends the leads from 
the socket to be analyzed to a suitable switch which connecte 
to the ohmmeter, and the measurements can be made rapidly and 
easily outside of the set cabinet. 

Figure 12-4 shows a simple circuit arrangement illustrating 
how a plug and 10-wire cable may be employed to extend the 
various circuits from a typical tube socket and the chassis to 
a switch S and an ohmmeter, so that point-to-point resistance 
measurements may be made from a point outside the set cabinet. 
Seven of the wires of the cable connect to the pronp of a plug, 
similar to a voltage-analyzer plug, which fits into the socket to 
be analyzed. Suitable adapters may be necessary if the socket 
to be analyzed is of the 4-, 5-, or 6-prong variety, of course. The 
top view of a 7-hole socket is shown in this case.* One of the 
wires coimects the “chassis clip” J, to one aide of the ohmmeter. 
Another wire connects to the control-grid stud B, on the plug 
handle. The control-grid clip and lead from the set are clipped 
to this stud. The tenth wire coimects to a test prod A, for eon- 
any desired circuit point in the receiver which may not 
be covered by the cable and plug. The other md of the cable 

*Notes It should be understood at fibis point that aH po£nt-te- 
testers shown here may easily be provided with “swatdard^^ 
and sockets (or ‘‘^adapters'O for testing tubes havb^ 8-pin 
bases. 
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connects to the ten terminals of a rotary switch S. The contacts 
of this switch have been lettered to correspond with the terminals 
of the socket under test. The end switch-contact J connects to 
the ^'chassis clip^' wire of the cable and also ta one side of the 
ohmmeter. By rotating the switch to any particular tap, the 
resistance between the top grid cap terminal — or any socket ter- 
minal — and the chassis (to which the ^ ^chassis clip’’ is attached) 
may be determined. 

The main difficulty with the system shown in Fig. 12-4 is 



Pig. 12-4. — A resistance testing arrangement in which a switch 
S and a lO-wire cable are used to connect the ohmineter to the 
various circuits terminating at a tube socket in the receiver, so that 
point-to-point resistance measurements may be made from a point 
outside the radio receiver cabinet. In this particular arrangem^t me 
possible number of measurements that can be made is limit^ by the 
fact that one side of the ohmmeter is ‘‘tied” to the chassis of the set, 
thus making the chassis the “reference point” for all the resistance 
measurements. 

that the ohassie must be used as the “reference point" for all 
resistance measurements. However, it may be changed to the 
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**free reference point'^ arrangement shown in the diagram of Fig. 
12-5 to facilitate measurements between any terminal of the 
socket (or ^^cbassis’^), to any other terminal of the socket (or to 
chassis). The system used is simple. The analysscr plug leads 
connect to two switches, Si and Bm, instead of one. The arms of 
these switches connect to the two terminals of the ohmmekT. By 
simply rotating either arm, the resistance between any two pointe 
determined by the setting of the switches can be measiircHl. Note 
particularly that no precautions need be taken when inaiupulat- 
ing the switches. It is impossible to damage the ohmmeter with 



.,:,ajny conceivable s'Vfitch combination used- This is in dkmt O'Cm- 
tradistinotion to the case of the voltage-current type analyswrf 
which must be set to the proper range before testing^ hn owier to 
prevent possible damage to the meter. 
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12-7. The Dual-pltig Type Point-to-Point Resistance 
Analyzer.^ — ^Up to this point, our resistance analyzer is capable 
of making measurements between any two terminals of a given 
socket and the '^chassis^'. But this may not be sufficient in some 
cases. It may be necessary to know the resistance between any 
terminal of one socket and any terminal of any other socket in 
the set. To make such, measurements possible, two cables are 



Pig. 12-6. — Circuit arrangement of a <iual-plug type resistance 
analyzer. Two switches, dummy plu^s, and cables are employed, sa 
that the resistance between any terminal in one tube socket and any 
other terminal of any other tube socket in the receiver may be checked. 

reQuired, one for each socket in the set. The connections for 
such an arrangement are shown in Tig. 12-6. 

Two plugs are used, as shown. Each of the plugs connect to 
a set of taps, and the arms of the tap switch connect to the ohm- 
meter. One plug is inserted in one tube socket and the second 
plug is inserted into the other tube socket. It makes no differ- 
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«aoe which is which, because any socket terminal of any plug 
may be used as the reference point by simply turning the tap 
switch to the particular terminal of the particular socket which 
has been chosen as the ^'reference point’*. Headings are then 
obtained by turning the other tap switch to the various points. 
The resistance between each of these points and the one estab- 
lished as the reference point can then be read on the ohmmeter. 

While this dual-plug arrangement gives extreme flexibility, 
there seems to be a general feeling among cxpcrienceti service 
men that the one-plug system is quite sufficient, and that, once 
the knack of reasoning ^‘resistance-wise’* has been attained, the 
single-plug arrangement meets all requirements. 

12-8. The Combination Point-to-Point Resistance- volt- 
age Analyser. — ^From the foregoing discussion, it is clear that the 
typical resistance analyzer consists of a plug- and rablc-arrangc- 
ment, a set of simple switches and an ohmmeter. ' With iiiis 
arrangement, point-to-point resistance measurements may be 
made. For 4-, 6-, or 6-prong sockets, simple adapter® are placed 
on the plug, in a manner similar to the practice employed with 
voltage-current analyzers. It should be noted that there are no 
sockets on the resistance analyzers discussed thus far, because 
the tubes are not used in resistance measurements. 

Suppose the ohmmeter in Fig. 12-8 is replaced by a voltmeter, 
all the tubes are placed in the receiver, and the power i® turned 
on. The voltmeter will now measure the voltage between any two 
points of a socket, provided that the tube removed from the 
socket under test Is connected properly to the circuit In some way 
externally. In other words, if a socket is placed in our resiirti- 
ance-type analyzer, just as in the voltage-current type analysers, 
and the ohmmeter is replaced by a volt^ohmmeter, the voltage 
between any two points can be measured with the set turned on, 
and the refitstanoe between any two points can be measured with 
the set turned off, A circuit arrangement illustrating this idea is 
shown in Fig, 12-7, 

A 9-wire cable is shown oonneoted to the seven proni^ of a 
socket and a grid clip for cap-type tubes. The tube whose cir- 
cuit is to be tested is removed from the socket in the set and 
placed in the socket of the aualys^ (a T-prong socket is shown). 



CH. XII 


POINT-TO-POINT TESTING 


289 


The cable plug is inserted in the socket in the set vacated by the 
tube, and the measurements made. The power to the set is shut 
off when resistance measurements are made and turned on when 
voltages are measured. For safety, the tube in the analyzer 
should be removed when making resistance measurements. It 
may be left in the socket, if it is certain that none of the elements 
are short-circuited to each other internally. 



Pig. 12-7. — Circuit arrangrement of a point-to-point analyzer cap- 
able of checking both resistance and voltage. Here the analyzer is 
provided with a tube socket in which the tube removed from the re- 
ceiver socket under test is inserted. The switch enables the volt-ohm- 
meter to be connected between the ^^cathode*' (which is the reference 
point) and any other terminal of the tube socket. 

^ 12-9. Providing for Current Measurements in the Point-to- 
Point Analyzer. — ^If a volt-ohm-milliammeter is available, the 
system may be made to measure voltage and current with the set 
turned and resistance with it turned The schematic 

circuit of a typical instrument of this type is shown in Fig. 12-8. 




tto 
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*I%e wires from the plug connect to the socket through tip-jacks 
which are connected together by means of Jumpera. When cur-» 
rmt is to be measured, the volt-ohm-milliammeter is set for the 
proper current range and inserted between the tip jacks in the 
circuit whose current is to be measured. Thus, if wire No. S hap- 
pens to be connected to the scnjcn-grid contact of the tube socket 
under analysis, the milliammeter could be connected between the 
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the voltage or resistance between any two points can be meas- 
ured by simply resting the test prods on any two tip j acks. Thus, 
this same circuit is suitable for point-to-point voltage and re- 
sistance measurements. 

12-10. Point-to- Point Voltage Analysis. — important 
consideration to be remembered is the fact that ^Voltage'' an- 
alysis may be point-to-point if facilities are available for con- 
necting the voltmeter between any two points in the circuit. 
This term, however, has generally been reserved for the '^resist- 
ance^’ method of analysis. In this book, an ‘'analyzer” is con- 
sidered as a device that is capable of measuring current, voltage 
and resistance, and the term "point-to-point” will be reserved 
for that method of voltage or resistance analysis which has com- 
plete freedom with regard to the reference point. 

12-11. Commercial Point-to-Point Testers. — A study of 
the commercial analyzers described in Chapter XIV will show 
that nearly all of them provide for making point-to-point tests 
of resistance and voltage. Few, if any, modern analyzers are lim- 
ited only to resistance analysis. The differences between the tester 
of Fig. 12-8 and those described in Chapter XIV lie solely in 
the methods of switching, and the meter ranges of the instrument. 

The drawing of Fig. 12-8 shows but a single socket and a lO-wire 
cable. Of course, when 4-, 6-, and 6-prong tubes are to be tested, 
adapters must be used, or else four sockets must be wired into the 
analyzer.* Then, only a single adapter for the testing of the few 
large 7-prong tubes is required. The cable may have nine or ten 
wires, dejpending upon whether or not a test prod for general use is 
included in the device. These are merely mechanical considerations 
in the design of the analyzer, and of course rest solely with the 
manufacturer. A study of the selected list of analyzers described in 
Chapter XIV, however, will furnish a great deal of valuable inform- 
ation concerning the tester circuit arrangements which have been 
developed. 

It is of interest to note that the analyzer suitable for con- 
struction, described in Chapter XIII, is a point-to-point device. 

12-12. Resistance Analysis Should Supplement Voltage 
Analysis. — It must not be assumed from this discussion that re- 
sistance analysis can replace the "voltage” method of testing. For 
one thing, a resistance test is what is termed a "cold” test — ^the 

*Note: This analyzer (or any other analyzer shown in this book) 
may be adapted for analyzing the circuits of receivers using ‘‘octal 
hase‘’ all-metal tubes if the “standard’' plug- and socket-adapters 
available for this purpose are used. 
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mi i» cold while it is being tested. In many cases, a defective 
part (such as a resistor) will not show up unless it is warm; the 
rwistajice analysis will fail to reveal trouble in such a unit. 
Then, again, many carbon resistors undergo large changes in 
resistwoe between the time they are ^^cold*' with the set turned 
o% and the time they are *‘warm’' with the set in operation, A 
‘*cold*' resistance test will fail to reveal trouble in such a unit 
(unless the receiver is heated artificially [see Fig. 2S-16] ). 

It must also be remembered that a resistance test cannot check 
low line voltage, poor tubes, and other, more incidental, troubles. 
The resistance test should follow a voltage test for a thorough 
analysis of any receiver. The practicuil methods of making volt- 
age, current and resistance analyses on receivers will be discuwed 
in detail in Chapters XX and XXI. 

REVIEW QUESTIONS. 

1. State four reasons why voltage-current anal^is alone is of Httk 
value in the analysis of modem receivers. Ibcplainl 

2. Name five advantages of point-to-point resistance analysis of a 
radio receiver. 

8. What is meant by point-to-point analysis? 

4. What is the general principle of operation of the point-to-point 
tester? Draw the circuit diagram for a simple point-to-point 
resistance tester and explain how it works* 

6. Can voltage analysis he point-to-point? Why? 

0. Discuss the advantages and disadvantages of the two types of 
point-to-point analysers used in practice* 

7. Can resistance analysis replace voltage-current analysis entire- 
ly? Why? 

8. Draw the complete circuit diagram, to illustrate the circuit condi- 
tions, position of the switches, etc., and escplaln in your own 
words how you would use the analyzer of Fig. 12-0 to check the 
resistance between the ‘^screen grid” of one tube and the **plai»” 
of another tube in a receiver. 

9. Referring to Fig. 12-8, suppose you were testing the plate circuit 
for pounds (with set shut off) and your ohmmeter indicated a 
resistance of 1(>,500 ohms between '^chassis^^ and point and 
lO^SOO^hms between ^'chassis” and point D. What would this 

10. Suppose you aye using the analyzer of Fig. 12-7 (with a suitable 
6-prong adapter) to make a point-to-point voltage and resistance 
analysis on the circuit of Fig. 12-8. Using the cathode as the 
reference point, the voltage of point F (Fig. 12-8) Is found to 
positive, Idiat of point G is found to be zero, 
would you suspect to be the cause of tremble? 
(b) what is the suspected nature of the trouble? (e> What 
steps would you take next, to confirm or disprove your sus- 
picion? 



CHAPTER XIII 


HOW TO CONSTRUCT A COMPLETE MODERN SET 

ANALYZER 

13-1. Features which are Desirable in a Practical An- 
alyzer. — In order to be of maximum usefulness, a set analyzer 
or set tester must possess certain desirable features. It must be 
capable of measuring all a-c and d-c voltages and currents 
normally encountered in radio receivers — both old and new. It 
must be compact and simple to operate, and its cost should be 
comparatively low. In order to meet the requirements of com- 
pactness and low cost, only a single sensitive meter with the 
necessary multiplier and shimt resistors is usually employed. 
To measure any voltage or current value, it should not be neces- 
sary to manipulate more than two or three controls or to consult 
complicated numbering or data charts upon which intelligent 
operation of the instrument may depend. The design of the an- 
alyzer should be flexible and of such nature as to prevent any 
possibility of immediate obsolescence. It should be kept up-to- 
date easily by simple additions or changes in wiring. It should 
permit all tests to be made rapidly, and should possess all neces- 
sary safety or foolproof features. A further requirement is the 
ability to perform all essential tests without the need for any 
complex adapters. The circuit diagram of an analyzer which 
meets these requirements is shown in Fig. 13-1, with all electrical 
values marked.* The panel layout is shown in Fig. 13-3. It may 
be constructed readily, at comparatively little expense, since no 
special sidtohes or equipment are necessary. A detailed study of 
this analyzer will now be made. The reader is urged to follow 
every point explained by referring continually to Fig. 13-1 

•Note: This analyzer may be adapted for analyzing receivers 
using “octal base” all-metal tubes if the “standard” plug- and socket- 
adapters available for this purpose are used. 
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md teaoiRg through all th6 circuits which are wplamed here. 
This will prove exceedingly instructive. 

13-2, The Meter Section o£ the Analyaer.— -A 0-1 ma. 
4-0 milliammeter, in conjunction with a coppcr-oxide type recti- 
fier (see Art* 2-30) is used as the indicating instrument for the 
checking of a-o and d-c voltages. As shown in Fig. 13-1, switch- 
ing from d-c to a-c measurements is atu*oini)lishtMl by means of a 
triple-pole double-throw switch 34- If it is desircci, a commer- 
cial rectifier type a-c— d-c meter may bo employed in place of 
the individual meter-rectifier combination shown. Through the 
use of the 12-po8ition bi-polar switch, SI, the various multiplier 
and shunt resistors are properly connected to the meter for the 
external measurement of voltage, current and resistance* The 
following ranges are available: 6, 10, 100, 250, 500 and 1,000 a-c 
or d-o volts at 1,000 ohms-per-volt ; 1, 10, 100 and 500 d-c mil- 
liamperes; and 0-1,000, 0-100,000 ohms. By the addition of an 
-external 4:6-volt battery, the 100,000-ohm range may be increased 
to 1 megohm. 

The resistors used to make a high resistance voltmeter from 
the 0-1 d-o milliammeter must be accurate to at least 2 i>er cant 
if any degree of precision is to be obtained. The values are:iil, 
5,000 ohms; 10,000 ohms; RS, 100,000 ohms; R4t 250,000 
ohms; E5, and R6, 600,000 ohms. If desired, any other com- 
bination of voltage ranges may be secured by employing the 
proper multipliers. The shunt resistors are best purchantMl, as 
they are quite inexpensive. However, they may be made up if 
the internal resistance of the milliammeter is definitely known 
(see Art. 2-14) . When this internal resistance is correctly deter- 
mined, the exact resistance value required for the 10-, 100- and 
500-ma. shunts may be calculated by using the formula present- 
ed' in Art. 2-13. The values of the shunt resistors in this an- 
alyzer are approximately 3, 0,276 and 0*05 ohms to secure the 
10-, 100- and 600-ma. ranges. If great accuracy is not desired, a 
commercial wire-wound filament resistor may be secured and file 
required amount of wire removed from its rmmtmm element In 
order to make the shunts (see Arts. 2-16 and 2-15), The 100- 
and 500-ma. shunts can be made in similar manner. 

The' original 0-1 ma. scale -of the 0-1 milliammeter may m* 
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main without further markings, and a multiplying factor such 
as X 10, X 100 and X 1,000 etc. may be marked directly on 
the panel of the analyzer and applied to the d-c readings taken. 
A very important point arises here for all a-c readings taken 
with the meter. As was explained in Art. 2-32, a copper-oxide 
rectifier type instrument does not really measure the efiectiije 
value of the a-c current or voltage (which is the value we are in- 
terested in knowing), but actually measures the ^^average’’ value. 
For this reason, the a-c scales must be corrected in some way in 
order to have the meter indicate the ^^effective^^ values directly. 
In the event that a commercial scale with the proper correction 
already made is not employed, the meter will indicate only the 
''average^’ a-c values. These should be multiplied by 1.11 to 
obtain the ejfective values. Of course, if a commercial universal 
copper-oxide rectifier type instrument of the proper ranges is 
employed (see Fig. 2-45) in the analyzer, no trouble will be ex- 
perienced with the meter scales. The scale of such an instru- 
ment is illustrated in Fig. 2-46. 

13-3. Provision for Resistance Measurements. — ^A small 
4,5 volt “C’' battery is incorporated in the tester in such a man- 
ner that it is used to convert the milliammeter into an ohmmeter 
with two ranges, from 0 to 1,000 ohms (with which it is possible 
to read accurately resistance values as low as % ohm), and from 
0 to 100,000 ohms. This feature is useful when resistance an- 
alyses are necessary, and for checking the resistance of the var- 
ious components in an offending circuit. Provisions have been 
made for increasing the ohmmeter range to 1 megohm by con- 
necting a 45-volt battery as shown and multiplying the reading 
on the 100,000-ohm scale by 10. When this is done, additional 
current-limiting resistor RIO is automatically connected into the 
circuit. Low resistance values are measured by the shunt 
method. 

13-4. Provision for External E, I and R Measurements. 
— ^All voltage, current and resistance measurement ranges of the 
meter are instantly made available for external test purposes at 
only two binding posts or pin-jacks by simply rotating the 
^‘range” bi-polar switch to the desired range setting. This feat- 
ure makes it unnecessary to connect the test leads to different 
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sete of binding posts for external voltage, current, or resistance 
tests- 

13-5. Flexibility of Stage Analysis Tests Possible.— 
This analyser has been designed so that an analysis of every cir- 
cuit of every type of tube in use at this writing can be made by 
means of the two ^'Circuit’' switches, SB and S3, whicli cemneot 
any range of the voltmeter, milliainrnetcr, or olHiirneicr TClected 
by the “Range^^ switch SI between any two circuits or between 
any circuit and cliaasis, without the use of jumper or conmeiiny 
leads. In other words, either the voltage or the rcHiatanc© exist- 
ing between any two points may be measured with any circuit 
(not only the eathode) as the reference point. This makes the 
analyaier useful for resistance analysis (see Chapters XII and 
XXI) also. Current measurements in all circuits except tb©" 
heater circuit are also made without using jurapesr leads. Bpeeial 
attention has been given to provide for ©very degree of safety 
to the meter through the use of momentary switches and by care- 
ful circuit design. 

13-6, Provision for Tube Testing, — Any and all types of 
tubes may b© tested with this analyser, regardless of the baa© 
pin arrangement, by th© *^grid change^' method, thus enabling 
relative mutual conductance measurements to be mad©. This 
is accomplished by the insertion of a 4,5 volt battery In the 
control, or normal, grid circuit of th© tub© under test. Because 
of the fact that th© battery may be introduced into any on© of 
five possible circuits, both sections of doubl© purpose tubes, such 
as the ’19, '53, '7^, ’2A7, and 6F7 etc., may b© checked for mutual 
conductance. To provide for future changes and new develop- 
ments in tube design, the two "'Circuit^’ switches 8$ md SS have^ 
additional blank positions. 

13-7. Output Meter Facilities. — ^Any voltage range of the 
instrum^t may b© employed for output meMmrements. When©' 
' the '^output meter” is to be connected across the plates of power' 
output tubes, or from the plate of one tuba to chawis, a series^ 
condenser is incorporated into the analyser to prevent a flow of 
direct current from injuring the rectifier. By means of •&© an- 
alyzer test plug, these output measui^ements may be made with- 
out the need for any adapt^sl^ 
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13-8. Numbering System For Tube Socket Terminals. — 
For the purpose of convenience and to aid in speedy manipula- 
tion of the analyzer, all socket terminals and circuits have been 
marked with letters and a numbering system. It must be re- 
membered that these letters axe symbols referring to certain 
socket terminals or circuits and do not refer to the elements 
within the tube itself. The socket terminal numbering system 
employed is that formulated and adopted as standard by the 
Radio Manufacturers’ Association (see Appendix). 

The analyzer is designed with a 7-prong plug to enable each 
circuit to be analyzed individually. The use of this plug re- 
quires a 7-to-4, a 7-to-5, a 7-to-6, and a 7-to-7 prong adapter 
when the test plug is inserted into 4-, 5-, 6- or large 7-prong 
sockets. Two test sockets are employed on the analyzer, a com- 
bination 4-, 5-, and 6-prong socket, and a combination 7-prong 
socket for standard and large-base 7-prong tubes. The test- 
plug cable is composed of 9 wires. The 9th wire is utilized fox 
making connection to the chassis by any means desired, and 
terminates at the test plug in a miniature spring clip or a small 
tip jack so that an additional lead may be connected to the 
chassis from the clip to make point-to-point measurements be- 
tween any circuit and chassis possible (see Chapter XII). This 
terminal must of necessity be very small so that it will not hinder 
the free use of the test plug. 

13-9. Using the Analyzer. — ^The operation of this an- 
alyzer is extremely simple, requiring only the amount of care 
ordinarily exercised with any sensitive testing instrument. 
Placing the bi~polar ^^Range” switch SI so that a high range is 
connected when making voltage or current measurements, and 
checking the position of the a-c — d-c switch are precautions 
which will avoid damaging the meter and rectifier. Before chang- 
ing the position of the two ^^Circuif' switches, SB and SS it is 
safest to set the a-c — d-c switch, Si, in the “Off” position — a 
position provided for safety purposes, so that the meter will not be 
damaged by connecting it across the wrong circuits accidentally. 

13-10. Voltage, Current and Resistance Analyses. — Volt- 
age, current, and resistance analysis with this analyzer or with 
any modern point-to-^point ihstimiil^fi^^^equires a knowledge 
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tube-base or terminal-pin arrangements so that the various 
iwitehes may be properly set for intelligent cireuit analysis. For 
voltage measurements, the two ** Circuit’^ swiiehos are set to the 
taps between which a reading is desired* These switches are 
marked ^*minus” ( — ) and (+)i bo that tlio polarity of 

the meter will be correct without resorting to the use of the 
polarity-reversing switch, 

13-11, How Voltage Measurements are Mad©.— Only 
one ‘*Circuit^^ switch is employed for voltage readings— the *'p!us** 
switch. The ‘'minus'' switch is placed on the iC or H- terminal, 
depending upon the typo of tub© and which element li being 
used as the reference terminal The “plus" switch is then ro- 
tated to the jP, 03, GB, etc. terminals to check plate, screen grid, 
suppressor grid, etc., voltages, respectively. For control-grid 
voltage, the “plus" switch may be placed on the terminals 01 or 
C.O., but the polarity-reversing switch must be employed since 
a negative voltage is usually present in this circuit. If desired, 
the plus switch may be placed upon K or H-, and the minm 
“Circuit" switch rotated to 01 or CO* for control-pid voltage; 
this method makes the use of the reversing switch unnecewary. 

Cathode-to-ground voltage in most receivers is “positive" 
when the conventional bias resistor is used. On the other band, 
some sets have the cathode connected either direcUiy to the heat- 
er, or grounded ; when this is found, no reading will be obtained. 
For cathode voltage, the plm “Circuit" switch is placed on K 
and the minus “Circuit" switch upon jff-. If the reading ob- 
tliined is reversed, the meter-reversing switch must be pwM^dL 
The filament voltage of battery-operat^ tub^, or tihcMse In elec- 
trically operated d-o receivers, is read with tibe “minus" switch 
on if — terminal and the “plus" switch placed on if-}-. The re- 
versing switch may have to be used in some instanei^, such as in 
the case of series-filament d-o receivers, when the meter may 
read reversed. When testing a-o receivers, the a«o— d-o switch, 
84, must be placed in the a-o position so that tihe alternating 
heater or filament voltages of the tubes may be read eorreotiiy. 

13-12. How Current Measwretnenta are Made. — Currmt 
measurements in any circuit but the positive heatm* circuit are 
made by placing the “Circuit" switches on both tarwfnalt of that 
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circuit, and pressing the current button for that circuit. For ex- 
ample, if plate current is to be read, both ^'Circuit’’ switches are 
placed on P terminals and the current-switch button SIB, is 
pressed. Current in any circuit is measured in a like manner by 
placing the ''Circuit'^ switches on the desired terminals and press- 
ing the current-switch button for that circuit. The ‘‘Range'' 
switch must be set for a range suitable for the readings. The meter 
reversing switch must be used for control-grid current readings. 

13-13. How Rectifier Tubes are Tested. — ^With this sys- 
tem of voltage and current measurement, it is a simple matter 
tp test both plates of rectifier tubes, such as the '80, '82, '83, 5Z3, 
6Z5, etc., (see Art. 8-26). By placing one of the “Circuit" 
switches on the correct terminals (on the G1 and P terminals in 
turn, in the case of an '80 rectifier) and setting the a-c — d-c 
switch in the a-c position, and the other “Circuit" switch on H — 
or H-f-, the high secondary voltage of the power transformer 
may be checked. The a-c voltage impressed on one plate is read 
with one “Circuit" switch upon F or Gl, and the other upon H — 
or H-|-. The “Range" bi-polar switch should be placed in the 
1,000 volt position for these readings. 

13-14. How Tubes arc Tested. — ^Tubes are tested by the 
“Grid-Shift" method (see Chapter VIII). With the test plug 
inserted in the receiver socket and the tube in the analyzer sock- 
et, both “Circuit" switches are placed on the P terminals for that 
type tube to be tested and the current-switch button for that 
circuit is pressed. The plate current reading obtained is com- 
pared with the reading when the proper “Tube Test" push-but- 
ton switch is pressed. The difference between the two readings 
is a measure of the mutual conductance, or transconductance, 
of the tube. 

Which of the five “tube Test" switches are pressed depends 
upon the location of the control-grid element with respect to the 
tube-base terminal arrangement. Each section of double-pur- 
pose tubes, such as the '53, '79, 6F7, etc., may be tested separate- 
ly. This is accomplished by reading the plate current of one 
section, then pressing the correct grid “Tube Test" switch, and 
reading again. The process may be repeated with the other tube 
section. Since the voltages which operate the tubes vary with 
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different receivers, it is difficult to compute an exact chart of 
mutual conductance values. However, a chart may be made up 
on the basis of rated voltages by noting the changes in reading 
of the plate milliammeter when the grid-shift test is made with 
rated voltages applied to the tubes. 

By means of the switches and iS5, and the ‘‘External 
Bange” meter terminals on the panel of the annlyzrr, any cir- 
cuit may be opened to permit the insertion of hcad|dume8 In it 
for aural analysis. In that case, the switch shcnild always be 
in the ^^1000 voW^ position, since this is the pt)int at which the 
highest resistance is placed across the phones, thereby causing 
them to reproduce the signal witlx maximuin loudneas. In a 
like manner, phonograph pickups and microplHmcs may also be 
connected to any receiver, either in series with any circuit or 
across any two points of a circuit, for tvest j)urpo.'‘'t‘H, 

13-15, How Resistance Measurements are Made. — 
Point-to-point resistance measurements between any two circuits 
or between any circuit and chassis (see Chapters XII and XXI) 
can b© made by setting the “Circuit'^ switches, without regard 
for polarity in this case, on the terminals between which the re- 
sistance measurements are desired. The “ Range awitch is 
placed on any one of the “Ohms'' positions, m rcqtdrc<h When 
measurements are made between any circuit and chassis, the 
small connecting lead fastened to the ninth wire terminal on the 
test plug is connected to chassis. One ‘‘Circuit'' switoh is then 
placed in the Gnd, (chassis) position. Per resistance mewurt- 
ments from 100,000 ohms to on© megohm, an external batteo^ of 
45 volts must b© connected across the two binding post® pro- 
vided ; the ohmmeter switch, SiS, must be turned to the “Off" 
position as it is used only for the purpose of opening the ohmmetw 
circuit 80 that the external voltage source may b© easily dlwon- 
nected, and to prevent undue battery consumption when the low- 
range ohmmeter circuit is employed. The additional ourr«ait- 
limiting resistor necessary for the additional ohmmeter volta^ 
is automatically placed into the circuit whaa tee switeh is throw© 
and tee voltage source is connected. Proper battery polarity 
must he observed. 

A zero-ohms adiusteO'ent for the *%igh teiameter mEi^** hi 



•CH. XIII HOW TO CONSTRUCT A SET ANALYZER 


803 


secured by short-circuiting the test prods, or the ''External 
Range' ^ binding posts on the instrument, and varying the 5,000 
•ohm "Ohmmeter Adjuster^' for full scale deflection. All that is 
necessary for the proper use of the low ohmmeter range is the ad- 
justment of the 5,000-ohm rheostat so that the meter reads full 
scale without short-circuiting the test prods or instrument bind- 
ing posts. When the self-contained 4.5- volt battery depreciates 
to such a low value that full scale deflection of the meter cannot 
be obtained with the "Ohmmeter Adjuster,” it should be dis- 
• carded. 

13-16, How Output Measurements are Made. — Eor out- 
put measurements (see Chapter VII), any a-c voltage range of 
the instrument may be utilized by setting the a-c — d-c switch 
on the a-c position, and placing the "Range” switch on the re- 
•quired voltage setting. Test leads are then connected from the 
"External Range” binding posts to the voice coil of the speaker 
•or output transformer secondary of the receiver- When output 
readings are taken from plate-to-plate of the output tubes or 
from the plate of one tube to chassis, the series condenser incor- 
porated in the analyzer must be thrown into the circuit to pre- 
vent the direct current from flowing through the meter rectifier. 

With this instrument, output measurements from the plate of 
one power tube to chassis may be made without the use of adapt- 
ers, jumpers, or connecting leads. This is especially valuable in 
the many receivers in which space is at a premium. The power 
tube is placed into one of the analyzer sockets and the test plug 
into the receiver socket left vacant by this tube. One "Circuit” 
■switch is then set upon the "P” terminal and the other upon 
the terminal. The small ninth wire lead on the test plug 

is fastened to chassis and the series condenser toggle switch is 
thrown to the "In” position- This latter switch shunts the series 
condenser which is inserted into one leg of the meter circuit, as 
shown in the schematic circuit diagram. 

13-17. How Capacity Measurements are Made. — The 
-capacity or impedance of solid-dielectric condensers may be 
measured by placing the unit under test in series with the 250- 
volt a-c range of the analyzer and a 116 volt, 60-cycle line 
rsouroe (see Chapter VI). If the reading obtained is less than 
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100 Toltfl, Hie '‘Range” switch should be placed in the l(K)-volt 
IWMiitloii. In this manner, capacity or impedance may be read by 
means of a capacity-impedance curve, which can be easily drawn 
with the aid of readings obtained on a number of condenseis of 
various known values. When making these measurements, 
ihe 250 volts a-o range of the meter should always be used, 
to prevent possible injury to the instrument in the event of 
short-circuited or leaky condensers. It must be remembered 
that, in making any capacity or impedance measurement, the 
unit under test must be disconnected from any component across 
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Fic. 18-2. — Simple adap- 
ter for making capaeliy 
measurementa with the an- 
alyzer of Fig. 18-1. 


which it may be shunted, or else erroneous readings will result. 
These tests, of course, do not apply to electrolytic condemere* 

For convenience and speed in making capacity-impedance 
measurements, the simple adapter shown in Fig. 13-2 will prove 
satisfactory. The line cord marked 110-volts a-c is plugged into 
any 110-volt, 60-cycle outlet or socket, and the remaining two* 
wires are connected to the “External Range” binding posts cm 
the analyzer. The condenser under test is placed across tihe 
“Test Leads” of the adapter by means of the test prods, wbioh 
are connected to the terminals. 

The use of this type of analyzer, and the correct interiairt^ 
tion of its readings will be discussed in Chapters XX and JCO. 
A suggested panel layout illustrating the position of the mel»fr 
switches, sockets and binding posts is shown in Fig. 

13-18. List of Parts Required for the Analy,zer« — Tfee* 
point to be borne in mind wh^ selecting parts to be used for 
the construction of the analyzer is that the accuracy smi 
oienoy of the instrument are dependent upon the quality Hieee* 
parts. There should be no need to state that the use of high**- 
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grade switches, resistors, etc., will be amply repaid by long and 
uninterrupted service free from annoying and timorconsuming 



Pig. 18-8. — ^A suggested panel layout for the analyzer of Pig. 
18-1. The labeling of the various parts shown here corresponds to 
that in Fig. 18-1. The compartment at the top contains the two 
4% -volt dry cell batteries and also serves as storage space for the 
test plug and cable, adapters, etc. 


.troubles. Likewise, care should be observed in the assembling 
to insure permanent contact. Care should be taken to avoid 
making ''rosin*’’ joints, for such joints are extremely troublesome 






$m 


MODERN RADIO SERVICING 


CH. XIII 


md they are often very difficult to locate* A list of the parta 
necessary for the construction of the analyser follows: 

One panel 9 x 12 inches, of either bakelite or hard rubber. 

One 0-1 ma. milliammeter and one copper-oxide type meter re- 
tiHer, or, one Universal a-c — d-c rectifier type meter* 

One bi-polar switch (Si) with 12 positions. 

Two tap-switches (S;0 and SS) with 10 positions each. 

One T.F.D.T. jack-switch (S4) for a-c or d-c volts, with **Off** 
position. 

Six D.P.D.T. push-button switches (»S'5, S^, S7^ SBt Sip SiO.) 
Seven S.P.S.T. push-button switches (Slip SIBf SlSp 514, Sl$p 
Sl6, S17). Normal position, ^‘closed-circuit”. 

Two S.P.S.T. toggle-switches (SIS and SIS)* 

Six wire-wound resistors with a tolerance of 2% plus or minus: 

6,000 ohms (El); 10,000 ohms (B$); 100,000 ohms (BS); 

> 260,000 ohms (-R4)f and two 600,000-ohm resistors (Rf, 

B6). 

Three shunt resistors (E7, RS, BP), for 10-ma,, 100-ma., 600-ma« 
ranges, (Values shown on diagram are for a 27-ohm 
meter.) 

One 40,000 ohm carbon resistor, filed down until its resistanee 
is 45,000 ohms (BIO). 

One 0-5,000 ohm zero-adjusting variable resistor (BJfl). 

One 2,000-ohm carbon resistor (BIj8), 

One composite 4-, 5-, 6-prong socket. 

One combination 7-prong socket for large and small 7-pwmg 
tubes. 

One 7-prong small size test plug and adapters (7-to-4, 7-lo-l, 
7-to-6, and 7-to-7) for large-base tubes. 

One 0.6 mCd, by-pass condenser (400 v,). 

One 9-wir© cable and small clip for ground connectton. 

One control-grid cap. 

Two 4.6-volt '"0” batteries. 

Nine tip-jacks. 

Eight binding posts. 

Necessary wire, screws, etc* 

Note: Simple '%tandard'^ plug- and socket-adapters for analy^ 
zing the circuits of all “octal base” aU-metal tubes with fMa 
may be obtained from any manufacturer of adapters* 



CHAPTER XIV 


TYPICAL COMMERCIAL SET ANALYZERS 

14-1. Study of Commercial Set Analyzers or Testers. — 
In our fundamental study of the set analyzer in Chapters XI, XII 
and XIII, we studied its development from a simple arrange- 
ment for making two or three measurements to a versatile in- 
strument capable of performing every requisite test in analyzing 
the circuits of the most complex receivers. To enable the reader 
to more thoroughly acquaint himself with the more important 
circuit and test arrangements employed in analyzer construc- 
tion, this chapter has been devoted to descriptions of several 
typical commercial set analyzers. 

A close study of the illustrations, schematic circuit diagrams- 
and brief descriptions of the representative commercial set an- 
analyzers to be reviewed will reveal the fact that, in general, they 
are all designed to accomplish essentially the same results i.e.,. 
quickly analyze the circuits of a radio receiver in which trouble- 
of some kind exists, and then determining the exact nature of 
the trouble after the circuit in which it is located has been iso- 
lated. The increasing complexity of receiver circuits and the- 
necessity for being able to make special tests in the field has- 
caused one or two manufacturers to incorporate oscillators, 
output meters, and tube testers into their analyzers, which other 
set analyzer manufacturers have seen fit to market as separate- 
test instruments. 

The incorporation of suitable arrangements for making the- 
meters in the set analyzer available also for use as ohmmeters^ 
capacity testers, and for any separate external tests or measure- 
ments has become general practice in the interests of compact- 
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neu and economy. Of course, the exact switching axrangementa 
and layouts vary in the different testers. 

There are a number of important advantages to be 
by a study of the circuits and constructional features of com- 
mercial set analyzers. First, the fundamental principles dis- 
cussed in the previous two chapters take on a real praotiical 
significance when they are shown to be applied in commercial 
equipment; second, the technical descriptions serve as a foun- 
dation upon which future advancements in the field may be com- 



Oot*rt«ni Badio GUy JProdmis O0, 


Fro, 14-1, ^ Aw 
adapter imit deaigmed to opms 
ate Iw cowjunotion with mn ex- 
ternal wit - ohm - milliammeter 
for poinW^poInt set awalamia. 
Itfl cirewit dliypra^ " * 

Fi|r. 14-2. (I5ep 


ram is shown in 
Llependable Model 


pared ; third, a knowledge of the eqnipmont ueed at present 
the analysis of radio circuits may be had; and fourth, the de- 
scriptions may serve as a g^ide in the selection or oonsfaructioa 
of an analyzer. 

It is evident that great pains have been taken in the d«»ign 
of these analyzers to make them compact and readily portable 
rugged, almost obsolescence-proof, reliable and complete in 
eense that they will make practically any receiver aaalyws re- 
quired in radio service work. A considerable amount of clrw 
planning has gone into the development of tii® elrcuit-gidtchint 
arrangements and the various parts, the main object being al- 
ways to promote speedy manipulation in all t«t ©p«paMcms, for 
time means money to a radio service man mi to tlm customer 
who must pay the bill for his servic€>8. 

It must not be supposed that the descriptions of the oommer- ' 
oial analyzers pres^ted here cover all the commercially av^- " 
able aualyzers. They are rather, in the opinion of the author, 
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most typical of the types most generally employed by service 
men and they involve most of the fundamental ideas discussed 
in the previous chapters. The descriptions are presented in al- 



phabetical sequence according to the name of the manufacturer.* 
14-2. ‘‘Dependable'* Model 501 Analyzer Unit. — This in- 
strument, shown in Fig. is, in reality, an adapter \mit de- 

signed to work in conjunction with an external volt-ohm-milli- 

•Note: Any of the analyzers described in this chapter may he 
used for analyzing the circnits of all ^‘octal base** all-metal tubes if 
the 'Standard*' adapters available fof this purpose are employed with 
them. 
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ammeter with proper ranges* The servic© man may us© an in- 
stalment which he already possesses, for this purpose* The 
mode of operation of the device is very simple. Referring to 
the schematic circuit of Fig. 14-2, all the terminals of a 4-prong, 
a 5-prong, a 6-prong and a 7-prong socket are connected direct- 
ly to the contact points of two rotary switches, SWF-I and 
having eleven contacts each. All the No, 1 terminals of the 
sockets connect together and to the No. 1 contact on the switches, 
all the No. B terminals connect together and to the No. M con- 
tact on the switches, etc. This accounts for seven of the eleven 
contacts. The eleventh connects to the cable lead that clips to 
the chassis of the receiver, the ninth connects to the central- 
grid clip, and the remaining two contacts are spare, one of which 
is blank and the other going to a spare wire in the cable. 

The two arms of the switches connect to tip jacks and 


Fio, 14-S. — A complete radio 
set analyzer. The cable, 
plug and adapters are clearly 
visible in the top compartment* 
The meters, tube sockets, pin 
Jacks, and meter range switch 
may be seen on the main panel. 
The schematic circuit dlajpraMi 
is shown in Fig. 14-4. fSead- 
rite Model 720j 


M§ttdrU0 MoUr Worh» 

into which th© terminals of the voltmeter-ohmmeter-milliam- 
meter plug. Jacks to J^, inclusive, open, th© connection to 
socket terminals ij B, 5 and 6 for current readinpi by the ex- 
ternal instrument. 

Voltage measurements are made by setting the two ewitoh^ 
to the numbers of the socket terminals between which the voltage 
is to be measured, and setting the voltage range of the 
meter; the same process is repeated for resistance and ctrmaot 
measurements, except that in the latter case the propw Jaeky 
Ji to J^, inclusive, must be used. 

This instrument is versatile m the smse tiiat measurements 
may be made between any tvfo terminals on the sockets pro- 
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vided, and hence between any two elements in any tube, as long 
as the tube can fit in the socket. The analy25er cable is equipped 
with ten wires, one of which is a spare — it does not connect to 
any of the terminals of the plug. Adapters for 4-, 5- and 6-prong 
tubes are provided. Adapters for ^^octal base’^ all-metal tubes 
can also be used. 

It is interesting to note that the design of this instrument 



Fig. 14-4. — Schematic circuit diagram of the set analyzer illus- 
trated in Fig. 14-8. 

follows precisely the fundamental ideas presented in Chapter XII 
regarding point-to-point socket analysis. 

14-3. **Readrite” Model 720 Tester. — This instrument, 
shown in Tig. 14-3y really consists of two sections both mounted 
in a single casei as may be seen by reference to the sohematic 
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direudi diagram of Fig. 14-4. One section consists of the analyaer 
cable, lap jacks, and the required four sockets, while the second 
section is a volt-ohm-milliammeter. 

Section No, 1 is a point-to-point type analyser of conven- 
tional design, which requires no further comment. An 8-wire 
cable and a ground connection complete the test facilities to 
the receiver. The socket terminals are numbered according to 
the RMA standard, and thus may be used for measurement 
purposes without having a detailed knowledge of the construc- 
tion of the tube being tested. The tops of the tip jacks are of 
metal, so that the terminals of the volt-ohm-milliammeter may J 
be touched quickly to any two for contact and a voltage read- t 
ing. Current measurements are made by inserting the test 4 
prods into the jacks in the circuit whose current is to be meas- I 
ured; the closed circuit is automatically opened by the test prod. | 

Section No, 8 consists of a suitable a-o and d-c meter with | 
the proper multipliers, shunts and a switching arrangement | 
for the use of the meters. Four d-o voltmeter ranges to 600 || 
volts, two milliammeter ranges to 160 ma., and four a-c volt- 
meter ranges to 760 volts complete the facilities of this section. * 
Two terminals enable the batteries to be connected for resistance 



Fio. 14-6,— A tsqplcal sinil#* 
meter point-to-point set anSy* 
zer. A unique switching an* 
ranicement midias jumper leiidt 
unnecessary. *^BraiWow» ^ 
schematic circuit diagrams of 
unique por^ons of this analyzer 
are shown in the mxt four iBw^ 
trations. (Supreme MoM tl4 


CmrUw / 3 upr«m« Jrn*ifer, Corp, 


measurement, and an additional two jacks enable all of the 
facilities of the volt-ohm-milliammeter to be used for measure- 
ments at the socket in which the tube under test is placed. The 
plug is provided with the usual assortment of adapters so ikmt 
any desired tests can be made on aU types of tub^. 
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14 - 4 . ** Supreme” Model 91 Analyzer. — ^This instrument, 
shown in Fig. 14-5, makes use of the point-to-point method of 
testing described in Chapters XII and XIII. In common with 
all such testers, the terminals of the radio socket under test are 
brought to the analyzer, and connected to corresponding term-- 


Fig. 14-6. — Meter-rectifier sys- 
tem employed in the analyzer of 
Fig:. 14-5. A compensating re- 
sistance network is employed to 
make the deflections for a-c the 
same as those for d-c, so that 
one set of meter scales suffices 
for both a-c and d-c measure- 
ments. The compensating ar- 
ran^ment may be studied by 
tracing the circuit which exists 
when the switch is in the d-c 
position, and again when it is 
thrown to the a-c side. Notice 
that for d-c measurements the 
meter is shunted by the 1600- 
ohm resistor. 



TO t 
SWITCHES 


inals of two rotary selector switches. Thus, tests may be made 
between any two contacts on the socket by the proper manipu- 
lation of these switches. It is unfortunate that the complete cir- 
cuit diagram of this tester cannot be reproduced here. It is so 
large that, after being reduced to a size sufficiently small to fit 
the page size of this book, it would be impossible to read it. 
However, we will study the important features of this analyzer 
I by means of individual break-down diagrams of the various 
j important parts. 

The instrument is designed for a-c and d-c voltage measure- 
ments in six ranges to 1,000 volts; a-c and d-o milliampere 
measurements in five ranges to 600 ma.; resistance measure- 
ments in four ranges to 6 megohms; and capacity measurements 
to 10 mfd. in three ranges. Tube tests may be made by means 
pf the grid-shift method using the same batteries as employed 
in the Qhmmeter, and provisions are made for the use of the 
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aimsurittg facilities of the instrument for any external uses. 

A single d-c meter with a bridge-connected copper-oxide reo- 
Mfier (see Art. 2-31) is employed in the circuit shown in Fig. 
14-6. Two arms of the bridge connect to the switching facilities 
through a 700-ohm and a 1,200-ohm resistor, and the remaining 



Fio. 14-7. — One portion of the ohmmeter section of the set awa- 
alyaser illustrated in Fig. 14-&. 

two arms connect to the meter through a compensating reeiit- 
anoe network. The purpose of this network is to make the de- 
fections of the meter the same for a-o as for d-c, so that separate 
scales for a-o and d-c measurements are not necessary. This 
is an unusual feature. Additional corrections for temperature 
are also provided. 

The ohmmeter connections of the instrument are somewhat 
lifficult to trace from the main diagram, so that a breakdown 
of this part of the circuit is shown in Fig. 14-7* With the swlteh 
8W closed, the 4.5-volt ohmmeter battery in tihe 
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circuit and the position of the selector switch determines the 
range *of the instrument for all but the 5-megohm range. Por 
this latter range, an external battery of €5 volts must be con- 
nected in the circuit to supply the required potential. The two 
ohmmeter rotary switches, SI and S^j shown are ganged to a 
single shaft, and, as seen, the latter is really connected in series 
with whatever battery is used for the ohmmeter. 

It is interesting to note that the '^zero-adjust arrangement 
consists of the 2,000-ohm variable resistor in series with the 

TO TO NO. 2 TERMINAL 



Pig. 14-8. — Unusual selector switches in the set analyzer of Pig- 
14-6. Each contact point on the switches is in reality two con- 
tact points which are normally shorted together when the arm is 
not touching them, but ‘‘open”, as shown here, when the arm makes 
contact with them. 

300-ohm fixed resistor across the meter terminals; the 6,000- 
and 50,000- and 5-megohm ranges all use the series-shunt system 
discussed in Art. 3-18. 

The main rotary, point-to-point, switches are rather unique. 
The usual arrangement is to employ switches of conventional 
design as illustrated in Chapter XIII. The arrangement of the 
switches in the Model 91 analyzer is shown in Fig. 14-8. Each 
arm of each rotary switch is divided into two sections, each 
insulated from the other, as shown. Each contact stud on each 
switch is really two contacts, which are closed when the arm 
is not on it and open when contact by the rotor arm is made. 
In this position, each section of each switch point stud makes 
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scale readings are divided by 10 for the 10 mfd. range, by 100 for 
the 1 mfd. range, and by 1,000 for the 0.1 mfd. range. 

These are but a few of the many measurements that may be 
made with this instrument. The usual output-meter facilities, 
leakage tests, grid-cathode resistance tests and other miscel- 
laneous measurements are also provided for. 

14-5. ‘‘Supreme” Standard Diagnometer. — The Supreme 
Standard Diagnometer shown in Fig. 14-10 is intended as a 
complete service laboratory for either portable or shop use. In 
a single case it contains a tube tester, a service oscillator, a 


Fig. 14-10. — Supreme Stand- 
ard Diagnometer. Within the 
single carrying case is contained 
what amounts to a complete 
service testing outfit comprising 
a tube checker, a service test 
oscillator, a volt-ohm-milliam- 
meter providing numerous 
ranges, a capacity meter, a 
point-to-point tester, etc. 

Cowrteay ^Supreme Meet, Inetr. Corp. 

\ 

6-range milliammeter to 1,250 ma., a 6-range a-c and d-c volt- 
meter to 1,250 V., 3-range capacity-measuring facilities to 12.6 
mfd., a 3-range ohmmeter to 200,000 ohms (which may be extend- 
ed to 2 megohms by the addition of an external 45- volt B bat- 
tery), a complete point-to-point analyzer, and several miscellan- 
eous refinements which are possible because of the flexible circuit 
arrangement of the instrument. 

Tube Tester : 

The tube tester is of the emission type discussed in detail 
in Chapter VIII, Arts. 8-9 to 8-14. A 0-1 ma. meter is connected 
in the plate circuit of the tube imder test, and the terminals of 
the sockets are connected to a row of seven switches for special 
circuits. There is nothing radically new about this method of 
testing, and the reader is urged to refer to the manufacturer if 
the operating procedure is desired. The scale of the tube-testing 
meter is calibrated simply in ^‘good” and “bad” sections, which 
is typical of the “direct”, or so-called “English-rreading” type. 
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scale readings are divided by 10 for the 10 mfd. range, by 100 for 
the 1 mfd. range, and by 1,000 for the 0.1 mfd. range. 

These are but a few of the many measurements that may be 
made with this instrument. The usual output-meter facilities, 
leakage tests, grid-cathode resistance tests and other miscel- 
laneous measurements are also provided for. 

14-5. ‘^Supreme*’ Standard Diagnometer. — The Supreme 
Standard Diagnometer shown in Fig. 14-10 is intended as a 
complete service laboratory for either portable or shop use. In 
a single case it contains a tube tester, a service oscillator, a 


Fig. 14-10. — Supreme Stand- 
ard Diagnometer. Within the 
single carrying case is contained 
what amounts to a complete 
service testing outfit comprising 
a tube checker, a service test 
oscillator, a volt-ohm-milliam- 
meter providing numerous 
ranges, a capacity meter, a 
point-to-point tester, etc. 

Cowtmay Supreme Meat. Instr. Carp. 

\ 

6-range milliammeter to 1,250 ma., a 6-range a-c and d-c volt- 
meter to 1,250 V., 3-range capacity-measuring facilities to 12.5 
mfd., a 3-range ohmmeter to 200,000 ohms (which may be extend- 
ed to 2 megohms by the addition of an. external 45-volt B bat- 
tery) , a complete point-to-point analyizer, and several miscellan- 
eous refinements which are possible because of the flexible circuit 
arrangement of the instrument. 

Tube Tester : 

The tube tester is of the emission type discussed in detail 
in Chapter VIII, Arts. 8-9 to 8-14. A 0-1 ma. meter is connected 
in the plate circuit of the tube under test, and the terminals of 
the sockets are connected to a row of seven switches for special 
circuits. There is nothing radically new about this method of 
testing, and the reader is urged to refer to the manufacturer if 
the operating procedure is desired. The scale of the tube-testing 
meter is calibrated simply in *^good” and “bad'' sectiona, wthicb 
is typical of the “direct'^, or so-called “BnglishTreading** type. 
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Tmt OmcMator ; 

The service test oscillator is equipped with two raugesy the 
Erst from 95 to 220 kc and from 1,500 to 3,300 fee. Higher 
frequencies for use with all-wave receivers may he obtained by 
the use of harmonics, as will be explained in detail in Arts. 15-18 
to 15-22, A significant fact is that this oscillator is not 
equipped with an attenuator for control of output, Tim manu- 



Fio. 14-11.— Circuit aiv 
ranrement of th« «hunt» 
in the milliammeter sec- 
tion of the Supreme Diag* 
nometer of Fig. 14-10, 


facturer believes that the elimination of this control also elim- 
inates frequency-shift errors, which sometimes occur wh«a 
attenuators are used. When a very weak signal is dwired, the 
manufacturer recommends that a high harmonic of the oscillator 
be used. The circuit of the oscillator is of the conventional 
electron-coupled type, which will be discussed in complete detidl 
in Chapter XV, Art. 15-31 ; the reader is refenred to this secidon 
of the book for a discussion of electron-coupled oscillaton. 

Since the plate voltage of this oscillator is supplied by the a-e 
voltage obtained from the same transformer used in the tube 
tester, the output is modulated 100% at 50 oyol«s (iwe Art, 
15-25), and hence its output is more stable than if ^e more 
usual *^grid'' modulation were used. Furthermore, the audio 
output in- the receiver under test is dependmt upon tihe p« o<mt 
modulation of the carrier of the oscillator, m ^souwsed in Art. 
15-24. Therefore, if the output signal of the test c»cillator ii 
well modulated, as is the case with this osciHator, tifcie r^f 
of the receiver under test need not be overloaded in ardat to pro- 
dtioe sufficient audio output required for the usual test purposes. 



CH. XIV TTPICAL COMMERCIAL! SET ANALYZERS S19 
Current Measurements: 

A 0-1 ma. d-c meter is used for current measurements. The 
connection of the various shunts is shown in Fig. 14-11, Note 
that, with any but the lowest range in use, there are resistors in 
series with the meter as well as in parallel with the terminals 
in use. Thus, when the 125-ma. range is in use, there is 60 + 
12 = 72 ohms in series with the ^^positive'’ lead of the meter, 
and the remainder is in shunt with the terminals. 

Voltage Measurements: 

The a-c, d-c voltmeter multiplier connections are shown in 
Fig. 14-12. The series connection of the multipliers is standard, 
but the inclusion of the condensers is a bit unconventional. The 
size of the condensers as marked on the diagram is for a 60- 
cycle supply; if the supply is of any other frequency, these values 
of capacity must be changed. Thus, if the supply line frequency 
is 30 cycles, then each condenser marked should be doubled in 
size so as to present the same reactance to the 30-cyele current 
that the size indicated here presents to 60-cycle current. Thus, if 
the supply frequency happens to be 50 cycles, the size of the 


Pig. 14-12. — Circuit arrange- 
ment of the multipliers for the 
a-c — d-c voltmeter employed in 
the analyzer of Fig. 14-10. The 
shunting condensers act as com- 
pensators when alternating volt- 
ages are being measured, and 
make the deflections for a-c the 
same as those for d-c. There^ 
fore, a single set of meter scales 
suffices for both a-c and d-c 
measurements. 


condenser across the 20,000-ohm resistor should be 0.08 X 60/60, 
or 0.096 mfd, and the condensers across all the other resistors 
must be similarly changed. In this manner, the size of condenser 
required for any line frequency may be determined. These con- 
densers have no effect on the circuit when d-c is being measured, 
but act as convenient shunts when the terminals of the instru- 
ment are connected to a source of alternating current. 
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Capacity Meter: 

The circuit of the capacity-measuring section of th. « , 

18 ihowB in Id rpu ® of the analy* 

o p^uwn m i?ig, 14-13. The condenser to be ^ 

TSe lllTol? the panel, and one siJe' 

me,„ ^ diagram, a condenser X to l» 

measured :s shown connected to the 1.25 mfd.-rangTtfrmti 
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#0.t«5 MfO, 


J.a5 MPO. 
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“■? “““'’OJ PwviouMy to Art. M. “">™ “ 

SH AiMrmi ^“Prtr HI for olmmirtm Artrtl. 

tew are provided for use with a. a ^ * "-wire plug; adap- 

*dapt«rs can also be used fo^’tifr’*tLf’f^ (propcar 

remaining two l<Lis L to Si ^ * °»t«l *>«•” tuba.), m 
aos are to the top cap, abbreviated TO, and a 
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long lead terminates in a clip for connection to the chasais of 
the receiver. 

The various terminals shown in the illustration of the instru- 
ment (Fig. 14-10) are used in conjunction with a suitable rotary 
switch for analyzing a receiver. When the voltage existing 
between any two elements of a tube is to be measured, the selec- 
tor switch is rotated to the “d-c volts” or *'a-o volts” position, 
which connects the meter to the voltage pin jacks on the panel. 
The proper voltage range is then selected by inserting one end 
of the test prods into the proper pin jacks; the other ends of the 
prods are then inserted into the jack terminals of the analyzer 
section between which the voltage is to be measured. For cur- 
rent measurements, the rotary switch is set to the **d-c ma.” 
position and the test leads are inserted in the twin pin jacks 
associated with the circuit in question. The proper milliam- 
meter jacks on the panel must be chosen with care, as the cur- 



rent may be higher than that expected, which may damage the 
meter. The schematic circuit of the test portion of the analyzer 
is shown in Fig. 14-14. 

Miscellaneous Tests: 

There are numerous miscellaneous uses to which the facilities 
of this instrument can be adapted. Thus, the a-c voltage scales 
of the instrument are entirely suitable for output measurement 
work in conjunction with, or without, the test oscillator. The 
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ohmmeter may be used for the measurement of condenser leak- 
age, aside from the fact that the capacity of condeniers may be 
measured. The alternating voltage applied to rectifier tubes 
and the output voltage of the oscillator may be measured* Ap- 
parently similar inductances may be connected in series and 
compared. Both the previous and the remaining chapters of 
this book will suggest nuinorouH uses of the facilities provided by 
instruments of this type* 

14-6. ^^Tripletf' Model 1220 Tester.* P'igun*H 14-16 and 
14-16 show, respectively, the appearance and circuit of another 
simple analyzer suitable for determining the condition of radio 

Fig. 14-15. — Another simple 
analyzcr-iitiaptcr unit designed 
to be used in conjunction with 
an external volt-ohm-mll Ham- 
meter for point-to-point set an- 
alysis* The four adapters pro- 
vided are shown at the right* 
Additional '^standard’* adapters 
may be used for **octal Itese*^ 
all-metal tubes. (Triplett Model 
1220 ) 

O#. 

receivers when used in conjunction with a suitable extemid 
volt-ohm-milliammeter. The simplicity of the circuit is appar- 
ent. A 4-, 5-, 6- and 7-prong socket are connected in parallel 
and to the cable plug through pin jacks, as shown* Two addi- 
tional wires for a ground clip and eontrol-gnd stud are provide 
to enable all connections to be made to the tube circuit in the 
receiver. 

The jacks shown have metal tops, so that the test prods of 
the external voltmeter or ohmmeter may be touched quicMy 
to the tops of any two jacks for voltage or resistemoe measure- 
ments. Current memurements with an external milliammetw 
are faoilited by inserting the test prods into ttite jactoi, wMeh 
automatically opens the circuit. Suitable adaptew me riio 
provided to enable the circuits of all types of tubes to be terteL 
These are visible in 'Fig. 14-16* This simple circuit employed la 
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this tester carries out the fundamental ideas involved in point- 
to-point testing of radio receivers, as presented in Chapter XII. 

14-7. '‘Weston” Model 665 Selective Analyzer and Model 
666 Socket Selector Units. — ^The form of this unique instru- 
ment was designed especially xo reduce the possibility of obso- 
lescence. It consists of two separate main parts; a volt-ohm- 



milliammeter and circuit selector arrangement, known as the 
“selective analyzer”; and a socket with pin-jack terminals, 
known as a “Socket Selector Unit”. The volt-ohm-milliam- 
meter and circuit-selector section may be equipped with a rotary 
selector switch, in which case it is known as Type 1, or it may 
have all pin jacks, in which case it is known as Type 2. 

Instead of bringing the receiver socket terminals through the 
cable direct to the inside of the tester proper, as is the case in 
most types of analyzers, they are brought to the small rectangular 
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unit carrying a tube socket and a group of pin jacks. This email 
unit, known as the Model 666 socket selector, has two fixed pins 
on its under side which fit into corresponding blank pin jacks 
above the volt-ohm-inillianuneter on the Mode! 665 Selective 


Fig. 14-17.— -AssemMy of a 
Weston Model 666 Socket Selec- 
tor Unit plnggred into the 665 
Selective Analyzer Unit contmin- 
inff the meter and switching cir- 
cuits. A detailed view of the 
socket selector unit is shown in 
F%, 14-lS. 

C<inirt0*v MUet. Cl&rp, 



Analyaser so that it may be plugged into it, as shown in Fig. 
14-17. 

The present Model 666 Socket Selector consists of a tester 
plug with a 4-ft. cable wired to a small 7-prong tube socket block. 


Fio. 314-18.— %A detailed view of the 
model 666 Socket Selector Unit wMeh 

f lugs into t^e 665 Selective Analyzer 
rnit <ae shown above). Thl» Socket 
Selector Unit consists of a tester 
with a 4-ft. cable wired to a smi^ f- 
prong tube socket bloek. The eodl^ 
terminale are connected, at shown by 
white tracer lines, to pin Jacks on eltihear 
end of the block? Jacks are alto provided 
for the cap and ground lead coimeeddom 
Differently colored adap^w are pro* 
vided for 4, 5, 6, large T, and also dbe 
w»H«n Mit&it. imtr. Corp» g prong *^octal bas®'* taMiS* 

The socket terminals are connected as shown, by white tracer 
lines (see Fig, 14-X8) to pin jacks on either end of the blcwk| 
jacks are also provided for the cap and ground lead connection. 
Differently colored adapters are provided for 4, 5, 6, and large-7 
prong '^glass tubes^' and also for the 8-prong ^*octal base" all- 
metal tubes. 
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The operation of the selective analyzer (the schematic circuit 
diagram is shown in Fig. 14-19) is as follows: To analyze the 
circuits leading to the tubes of a radio receiver, the Socket 



FiO. 14-19. — Schematic circuit diagram of the Selective Set An- 
alyzer Unit illustrated in Fig. 14-17. The circuit shown here is for 
the Type 1 instrument, which is provided with a selector switch for 
switching the various circuits. 

Selector Unit is plhgged into the pin jacks provided for that pur- 
pose at the top of the panel of the Selective Analyzer Unit, Then 
the proper tube adapter is inserted into the Socket Selector Unit 
and the tube taken from the receiver is in turn inserted into this 
adapter. The analyzer plug is inserted into the vacated tube 
socket in the receiver. The socket selector has a group of pin 
jacks moulded in the bakelite, which are wired to the socket ter- 
minals as shown by the white lines engraved on the top of the 
unit. Pin jacks are also provided for the cap and for a ground 
lead to make measurements to the chassis itself. The pin jacks 
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are marked with a numbering system which corresponds to a 
similar numbering system on the socket. 

Voltage readings may be made from any terminal to any 
other terminal by plugging two small jumper wires into the 
respective pin jacks and inserting the other ends of these wir«8 
in either the a-c or the d-o pin jacks on the instrument paneL 
The desired instrument range is obtained by turning the range- 
selector switch in the Type 1 instrument (visible in Fig- 14-17), 
or by using the proper jack terminals in the Type 2 instrument. 
If the current flowing in any tube circuit is to be cheeked, the 
jumper wires are plugged into the twin pin jacks corresponding 
to that particular circuit (see Fig, 14-18) , the break-in switch be- 
tween them opens automatically when this is done. The other 
ends of the jumper wires are then inserted into the d-c ma. jacks 
on the instrument panel, and the range-selector switch set to 
the desired ma. range (Type 1 instrument). 

From this explanation, it can be seen that this instrument, 
whose schematic diagram is shown in Fig. 14-19, will also serve 
for point-to-point resistance measurement® by plugging the 
jumper wires into the respective pin jacks on the socket selector 
unit with the other ends inserted in the proper resistance Jacks, 
on the instrument panel. The instrument may be employed for 
measuring the resistance between each tube circuit and ground 
by setting the range selector switch to read resistance, 

A mutual conductance tube test can be made by iiiing tibi 
internal batteries employed for resistance mcusunnnents. Two 
jumper wires are connected from the grid-test pin jack® on the 
instrument panel to the control-grid pin Jack®, Juit h« for cur- 
rent measurements, on the selector unit. Then, two additional 
jumper wires are inserted in the *Tlate Currant*’ pin jack® o» 
the socket selector unit and the other ends inaartad in the d-c 
ma. jacks on the instrument panel. The mater will then ^ 
the ^*plate current/* and the ohmmeter battery will change thif " 
plate-current reading when the ^'Grid Test” button Is cteprewei* 
The change in plate current is then a measure of the worth of 
the tube. The panel is equipped with Jacks for m iinall p*id-«liifl 
test and a high grid-shift test, of 4.5 and 13.5 volto r^ptctivelyi 
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to check audio amplifier tubes as well as tubes with a low mutual 
conductance. 

The volt-ohm-milliammeter section has the following ranges: 
1, 2.5, 5, 10, 25, 50, 100, 250, 500, and 1,000 a-c and d-c volts at 
1,000 ohms-per-volt; 1, 2.5, 5, 10, 25, 50, 100, 250 and 500 d-c 
milliamperes for the Type 1 and an additional 1,000-ma. range 
for the Type 2. Four resistance ranges are available; 1,000 
ohms, 10,000 ohms, 100,000 ohms and 1,000,000 ohms, with the 
lowest range indicating 1-ohm per division. The a-c ranges are 
obtained through the use of a copper-oxide, full-wave rectifier. 

All voltage and current ranges are available at the pin jacks 
by placing the selector switch for the desired range, A reading 

Fig. 14-20. — The 
-complete Selective 
Set Servicer in its 
carrying case. No- 
tice the test ping 
and cable at the left, 
the Socket Selector 
Unit at the top with 
the Selective Analy- 
zer Unit under it, 
four of the tube 
adapters, and the 
miscellaneous con- 
nection leads at the 
bottom. Additional 
adapters are now 
supplied to make 
tests on all types of 
tubes possible. 

(Weston Model 698) 



Otywrttsy Woston Elect. Jnstr. Oorv- 

cannot be obtained until either the d-c or a-c push-button at the 
bottom of the panel is pressed. These buttons are of the locking 
type and must be returned to their original position after each 
test is completed. 

Although the Model 666 socket selectors were designed for 
use with the Model 665 selective analyzers (Type 1 and Type 2), 
and the Model 698 Selective Set Servicer, they may be used 
directly with Weston Model 660 Analyzer, 663 Yolt-ohmmeter 
and 664 Capacity Meter by plugging the socket selectors 
into the top jacks on these units. The working jacks which 
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are occupied by the selector pins are made available for use- 
through a special fixed attachment. These socket selector units 
can also be used as means of modernizing any analyzer by drill- 
ing a pair of holes to take the selector mounting pins. When 
these socket selectors are used in any of the older type radio 
analyzers, the degree of modernization depends, of course, upon 
the limits of the voltage, current and resistance ranges available 
at the binding posts or pin jacks of the particular analyzer in 
question. 

This analyzer combination is able to make all voltage, cur* 
rent and resistance tests required in any set analysis. Its fiw* 


rs*4A tSHA COM HM»v n0¥ 



Fio. — Rsasv 

view schsmatlii ahv 
cuit diagram of 
Selective Set SNras 
vici*r illustrated in 
Fig. 14-20» showing 
all of the parts, wir- 
ing, and terminals. 


dom from obsolescence lies in l^e fact that future developments 
in tube base design can be taken care of by the purehM# of 
relatively inexpensive additional selector blocks or adapt«s to 
accommodate the new typo tube bases to the analyMr. 

14*8. “Weston^^ Model 698 Selective Set Servteerr~Thll 
instrument is substantially a simplified, 1«» c«iUy d^gn at 
the Model 666 instrument described in Art. 14^7. It u1ilii« 
the Model 666 socket selectors in combinaMon with a pin-jack 
type Universal volt-ohm*milliammetmr unit. The complete wm% 
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together with the four adapters, test-plug and cable, test leads, 
etc., provided, is shown in its carrying case in Fig. 14-20. The 
schematic circuit of the tester is shown in Fig. 14-21. 

Measurements of voltage, current and resistance are made in 
B, manner similar to that described for the Model 665 tester, 


Fig. 14-22. — Ar- 
rangement of the ex- 
'ternal resistance and 
battery connections 
which must be employ- 
ed to extend the ohm- 
meter range of the 
Weston Model 698 in- 
strument to 10,000 
times scale reading. 


^C3BD nsn ngm rgroi 
(p) (o) (p) (p) (5 


3/^soo 


4-5- VOLT 
B>ATT 


^ TO 

" UMOBK 7Ksr ' 


.and the reader is referred to that description for the procedure 
to be followed here. The most significant changes between the 
two types are the meter ranges provided and the method of test- 
ing tubes by the grid-shift method. 

The meter ranges for the Model 698 set tester are shown in 
the diagram; as will be seen, they are adequate for all ordinary 
service use. The voltmeter ranges indicated are available for 
both a-o and d-c measurements. The ohmmeter provides ranges 
of 600,000 and 5,000 ohms full scale; 3,500 and 35 ohms center 
scale. The ohmmeter range may be extended to 10,000 times 
scale reading by using an external 45-volt B battery in series 
with a 31,500-ohm resistor, as shown in the sketch of Fig. 14-22. 

Testing of tubes by the grid-shift method must be effected by 
means of an external battery of 4.6 volts for ordinary r-f and 
-detector tubes and of 13,6 volts for power tubes (see Fig. 14-23). 
‘The milliammeter leads of the instrument are inserted in the 
normal fashion to read plate current, and the control-grid cir- 
*cuit is opened with another pair of leads, just as if control-grid 
•current were to be read, as described for the Model 666 tester. 
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The other ends of these leads cormect to a 1,000-ohm resiator 
across tiie battery as shown in Fig. 14-23, The difference in plate 
current when the external battery circuit is opened and closed 
is an indication of the mutual conductance of the tube. 

This analysser can make voltage, current, resistance and con- 
tinuity measurements on any receiver. Future developments 



1 oonnectionsi which enable tuhm U be tested 

W the grid-shift method with the Weston Model 0SS Sekctivt Set 
Servioer, The external battery supplies the grid bias voltage for the 
tests. 


on tube base design can be taken care of by the pyyrchase of 
relatively inexpensive additional selector blocks or adapters to 
accommodate the new type tube bases to the servicer. 


EBVIBW QUESTIONS 


1 . 

2 . 

% 

4 . 


Explain how current and voltage measurements are siMdb in Urn 
Dependable Model 601 set analyaser (refer to the circuit dia- 
gram>k 


Wiat do theWo Mpar«te soctlon# of th* Beadrit* Modal 780 
of? mat ia tho pu^sa of «a<sh »octloaT What fa Mt* 
purpose of this arrangementf 

dtagrram of tha componasUttg aatworfk 
B8«d wtth tfa« mater in the Supreme Model SI analyaer. Whuat 
is its purpose? 


What is the switching arrangmnent used to Ihie Supreme Moddl 
91 analyzer? Blustrate by means of a diagram. 
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6. In the analyzer of Question 4, what means is used to measure 
current? 

6. Condensers are connected across the voltage jacks of the Supreme 
Standard Diag^nometer. If one of these condensers has a value 
of 0.006 mfd. for use on 60 cycles, what should its value be 
when the instrument is to be used to measure 40-cycle voltages. 

7. One of the resistors used in the capacity measuring section of the 
Supreme Standard Diagnometer has a value of 22 ohms when 
used on 30 cycles. What should be its value when used on a 60- 
cycle line? 

8. Explain the unusual fundamental idea involved in the design 
of the Weston Model 666 and 698 set analyzers. State two ad- 
vantages of this arrangement. How is danger of obsolescence 
minimized? 

9. Draw the schematic circuit of the socket selector unit used with 
the Weston model 666 and 698 analyzers fox 7-prong tubes. 

10. What external connections are required when the Model 698 
Weston tester is to be used for tube testing? Explain them! 

11. What external connections are required when it is to be used 
for resistance measurements in the *‘10,000 times scale reading*^ 
range of the ohmmeter? Explain! 
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THE SERVICE TEST OSCILLATOR 

15-1. Why Test Oscillators are Needed. — ^The aervice man 
is consulted when a radio receiver operates either unsatisfactorily 
or not at all. He usually proceeds to teat the tubes and then 
the individual circuits, in an attempt to localise the trouble to 
a particular stage. When a particular component is at fault, 
the trouble may usually be located by first making a voltage- 
current, (or resistance) analysis of the receiver, and then check- 
ing the individual components in the faulty circuit until ttc 
faulty unit is found. However, in many oases the receiver oper- 
ates poorly (or not at all) but there is not one faulty unit preeent 
in its circuit. In that case the receiver may be out of alignment 
—its, sensitivity may be too low for satisfactory reception in the 
particular location it is operated in (especially in rural distriots), 
tile receiver may be inoperative only over certain portiOM of tike 
tuning scale, etc. In such oases, the test procedure to be followed 
often requires a source of signal wkos« frequenoj/ and mtmmtv i 
may be adjusted at wU to suit any test that may be made. It : 
is tile purpose of the test osdUator to furnish tiiis signal. 

There are several reasons why the sipals from hroadoasting 
stetions cannot be used for this pmrpose; first, thek stmgth j 
varies from instant to instant, depending upon the type of IMfO- 
gram and aeleotion being broadcasted; second, the frequency of : 
the signal required for a test may be differ^t tiiua tiuit of tile 
stations that could be tuned in if the receiver ume (^ifrating to 
some extent;, third, the intensity of the signal depend^ Ufmn tklti: 
power of the stiition, the distance between transmitter and re- 
ceiver, the amount Of absorption of the wave in the intemsdng 

zn 
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space, and the sensitivity of the receiver (all of which means 
that the service man must accept the signal strength as received 
rather than as his tests demand) ; fourth, broadcasting stations 
are unreliable in the sense that the stations which might be de- 
sired for tests purposes may not be transmitting at the par- 
ticular time that they are needed; fifth, it may not be possible to 
receive them with the set operating in its poor condition. 

The test oscillator is really a miniature broadcast station 
under complete control of the service man. He can vary the 
frequency or the intensity of its signal in a few seconds without 
disturbing the adjustment of the receiver with which it is used. 
He can modulate it or not, as he sees fit. It is ready for opera- 
tion any time it is needed, and is one of the most important 
pieces of test equipment in the service kit. 

15-2. What Test Oscillators Can be Used For. — ^The test 
oscillator can be used for any purpose for which a broadcast 
signal can be used, for the fundamental purpose of the test 
oscillator is to replace the broadcast signal for tests and adjust- 
ments. A few of the specific uses of special importance to the 
service man are as follows: 

1, For the alignment of r-f and i-f circuits of any type 
and description. 

For aligning oscillator padding circuits in super- 
heterodynes. 

S. For neutralizing receivers using any type of neu- 
tralizing circuit. 

4- For checking the condition of tubes.. 

5, For determining the gain of any, or all, amplifier stages 
in a radio receiver. 

d. For testing avc circuits and their operation. 

7- For checking operation and selectivity of tuned circuits, 

8. For testing individual components. 

We will now review these briefly. 

(1) If the timed circuits of a receiver are badly out of align- 
ment, it may be necessary to use an oscillator whose output 
voltage is variable from a fraction of a microvolt to several volts 
and whose frequency is variable from about 100 ko to 30,000 kc. 
Such a source of signal is prpperly fed to the receiver or amplifier 
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under test in place of the usual broadcast statkm signal, and the 
alignment made. The use of the test oscillator for this purpoi^ 
is considered in detail in Chapters XXIV and XXV. 

(2) The padding circuits of the oscillators used in super- 
heterodyne receivers must be adjusted carefully at several npedfk 
frequencies during the course of aligning a receiver. Broadcaat 
signals are hopelessly inadequate for this i)iirpo.se, especially when 
the receiver is of the all-wave type. Details on the aligimicut of 
padding circuits are given in Chapters XXV and XXVUI. 

(3) The neutralization of a receiver requires a source of 
constant signal voltage, which can only be obtained from a twrt 
oscillator. The output of the oscillator is fed to the input of t.Se 
stage to be neutralized and balanced out. Details for this pro- 
cedure are given in Chapter XXIV, 

(4) Tubes may be compared by connecting the output of 
the oscillator to the aerial and ground posts of a receiver in good 
working condition and noting the reading of an output meter 
connected to the receiver (see Art. 7-5). Now, by rephicing any 
tube in the set with another which is of the same tyf>e and is 
known to be good, and reading the output meter again when the 
replacement tube is in the set, an indication of ttie condition of 
the tube replaced is obtained. A greater reading means that 
the replacement tube is better than the original; an unchang^ 
reading means that the original tube is as good as the replace- 
ment tube. This tube test is known as the repiacemmi imt mi 
was discussed in Chapter VIII. 

(5) The service test oscillator is also of particular value k 
determining the gain of a radio receiver or amplifier. Ik output 

^ is connected to the input of the receiver or wnplifier and the 
oscillator voltage is measured by a suitable mxilti-rangc output 
meter or vacuum-tube voltmeter. Keeping this voltap constant, 
the output meter or vacuum-tube voltmetw is then connected 
across the primary of the output transformer of tihte meiver mi 
the voltage existing here is measured. Hie ratio of the iNWond 
to the first reading is the gam of the receiver. It is not newsh 
sary that the output meter or vaoutnn4ube voltmdw be ceil- 
brated; the ratio of the two readings obtained Is quite skAdmit 
for a rough check in most of the ordinary cases eneotmtss^. 
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(6) The oscillator may be used to check the avc tube and 
circuit action in a receiver. Merely connect the output of the 
oscillator to the input of the receiver and adjust the voltage so 
that an output meter connected to the receiver reads about half 
scale. Then change the avc tube and note the reading of the 
output meter. A reduction in the reading means that the first 
^tube was defective; an increase in the reading means that the 
second tube is faulty. See Chapter XTX fo r 

(7) The selectivity of tuned circuits may be checked by 
varying the frequency, with constant voltage, of the oscillator 
connected to the tuned circuit or receiver under test. The volt- 
age output of the tuned circuit or receiver is then noted for 
every setting of the oscillator from a few kc below to a few kc 
above the resonant frequency. For ordinary good fidelity, the 
curve plotted should have substantially the same height 5 kc 
below (and above) resonance as it has at resonance (for high- 
fidelity this should be 7.6 kc). Details concerning resonant 
radio circuits are presented in Chapters XXV and XXXI. 

(8) Individual components may be tested with the oscillator 
if a vacuum-tube voltmeter is available. The oscillator serves 
as a source of high-frequency voltage which can be applied to 
the coils, resistors, or condensers under test to determine their\ 
condition at or near the frequency at which they will work in 
practice. Many occasions arise when a d-c or low-frequency 1 
test will not reveal the source of trouble and only a high-fre-J 
quency test will show it up. 

These are but a few of the many applications of the service 
test oscillator. Many incidental uses which are of inestimable 
value to the service man will be pointed out at various places. 

15-3. What the Test Oscillator Is. — ^To use a service test 
oscillator intelligently, and to understand the actions taking place 
in the oscillators used in superheterodynes, it is essential that a 
clear understanding be had of the arrangements and charac- 
teristics of the different forms of oscillator circuits. First of all, 
the oscillator as we know it is a device used to generate alter- 
nating current (and hence alternating power) by means of the 
vacuum tube. The service test oscillator depends for its opera- 
tion upon the principle that a vacuum tube can be made to pro- 
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ium oscillataons of almost any frequency; by connecting it in a. 
oiromt arranged to continuously feed a proper amomt of tire 
^ergy of the plate circuit back to the grid circuit in the proper' 
phme. 

In an oscillating circuit, part of the energy of the operating, 
plate current is being fed back to the grid circuit continuously. 
This is being amplified by the tube, and the extra enero' pro- 
duced by the amplification (at the expense of the energy from, 
fide batteries or other power supply) may be used outeidc of the 
oecillatcr circuits for any useful purpose. Now it is not essen- 
tial to use a vacuum tube; any device capable of convert- 
ing direct current to alternating current is a generator of elec- 
trical oscillations. But tlia point is that the vacuum tube is 
probably the most efficient and convenient converter for produc- 
ing a-c of high frequencies known at this time, and It is for 
this reason that it enjoys such widespread use for this purpose. 
Furfehcnnore, it is relatively small physically, and almost any 
amount of alternating power can be generated at will by prop- 
erly selecting the circuits and using laurge enough tubes* 

Oscillators are variously known as test oscillators, amvi rlers, 
generators, signal generators and signal sourcm, depending up<m» 
their use and the point of view of the theory of operation. Ther 
oscillator itself does not ‘^osoillate^^ mechanically- - it is the cur- 
rent through the oscillating circuit that oiroulates in m oscM^ 
lating fashion (back and forth), hence the name ^‘oscillator.** If 
the tube is considered as a converter of d-c to a-o, the name* 
oomeHer is obvious. If it is considered as a generator of ato- 
aa^mg:, current, .the name generator is clear. But if the device 
is to be used as a source of signal power for some test, dm it 
may be called a signal source, a test oscillator, or a sigmaf gen^ 
erator. Insofar as service work is concerned, the oscillator is n 
convenient source of signal voltage whose frequency and intemslty 
may be varied at will ever the necessary range* 

In this chapter we will make a detailed study of the operation, 
of various oscillator circuit arrangements and their character- 
istioa. Practical details concerning the actual use of test oscBIa- 
tors in service work will be presented in Chapters X3!TSr and 
XXV when the alignment of tuned recover circuits is studied.. 
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15-4. The Vacuum Tube as an Amplifier. — Consider an 
ordinary triode connected as an amplifier as shown in Fig. 15-1. 
A signal from some convenient source, such as a broadcast sta- 
tion, is fed into the coil Lp. The circulation of the alternating 
current through this coil generates an a-c voltage in coil Lg, which 
is tuned to the resonant frequency of the signal source by the con- 
denser (7. The a-c voltage across C is applied to the grid of the 
tube, as shown, and an amplified version of this voltage appears 



Fig. 16-1. — Fundamental circuit of a vacuum tube amplifier stage. 

across the load resistor, Ri, in the plate circuit. If another stage 
of amplification followed, this load voltage would be fed to it. 

Now the important thing is that with the proper value of load 
resistance, Ri, the voltage across Ri is greater than that across C 
because of the amplifying properties of the tube. It is the 
voltage that appears across Ri that is the most useful voltage in 
the whole circuit. As mentioned, it is this voltage that is fed to 
succeeding amplifiers in a radio receiver for further amplification 
before being fed to the loud speaker for reproduction. It is also 
this same voltage that is applied across the antenna and ground 
in a broadcast transmitter in order to produce radiations that will 
travel off into space to be picked up by receiving aerials. This 
self-same voltage is the amplified signal. 

15-5. How the Power Supplied by the Plate Battery 
Divides. — ^When no signal is applied to the input circuit of the 
amplifier tube, the plate curreUt is steady and the voltage across 
the load resistahce is steady. The voltage of the B-battery (or 
o%h^ B-power supply source) multiplied by the ]plate current. 
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actual resistance of the load; in fact, the load resistance timee 
the square of the plate current gives the external power output. 
This same value may also be obtained by multiplying the plate 
current by the voltage across the load resistance Ri. In a test 
oscillator, both of these powers are a total loss, since they can 
be put to no useful purpose. 

When a signal is applied to the grid of the tube, the poten- 
tial of the grid alternately increases and decreases from its 
bias-voltage value, as shown at (A) of Fig. 16-2, and the plate 
current likewise alternately increases and decreases above and 
below the value when no signal was impressed, as shown at (J5 ) . 
When the plate current increases, the voltage drop across Bt 
increases, as shown at (C), and the voltage between plate and 
cathode decreases by an equal amount as shown at (Z>), since 
the sum of the two must always equal the steady B-battery 
voltage. When the grid potential decreases (becomes more neg- 
ative) because of the signal, the plate current also decreases; 
this means that the voltage across Ri decreases, and the voltage 
between plate and cathode increases by an equal amoimt. Here 
again the sum of the two voltages is always equal to the steady 
B-battery voltage at any instant. The action of these two 
voltages is somewhat similar to that of a see-saw; when one 
goes down, the other goes up an equal amount, and vice versa. 
These conditions are all illustrated in the sketch of Fig. 16-2. 

Of particular interest is the fact that the plate voltage 
(voltage actually existing between plate and cathode, not the 
B-battery voltage) always varies in a sense opposite to tiiat of 
the voltage across Ri, because the sum of both voltages at any 
instant must equal the B-battery voltage. This is brought out 
clearly by the positions of the peaks in graphs (C) and (B). 

The power heating the plate of the tube at any instant is 
the plate voltage times the plate current, and the power dissi- 
pated in the load, Ri, at any instant is the product of the voltage 
across Bi and the plate current. The power heating the plate 
of the tube (the plate loss) is the power that would be meas- 
ured by a wattmeter connected in the plate circuit, and is equal 
to the average of the instantaneous powers obtained by individ- 
ual multiplication. In a similar manner, the power dissipated 
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actual resistance of the load; in fact, the load resistance timea 
the square of the plate current gives the external power output- 
This same value may also be obtained by multiplying the plate 
current by the voltage across the load resistance Ri. In a test 
oscillator, both of these powers are a total loss, since they can 
be put to no useful purpose. 

When a signal is applied to the grid of the tube, the poten- 
tial of the grid alternately increases and decreases from ita 
bias-voltage value, as shown at (A) of Fig. 15-2, and the plate 
current likewise alternately increases and decreases above and 
below the value when no signal was impressed, as shown at (jB). 
When the plate current increasesy the voltage drop across iZr 
increases, as shown at (C), and the voltage between plate and 
cathode decreases by an equal amount as shown at (D), since 
the sum of the two must always equal the steady H-battery 
voltage. When the grid potential decreases (becomes more neg- 
ative) because of the signal, the plate current also decreases; 
this means that the voltage across Ri decreases, and the voltage 
between plate and cathode increases by an equal amoxmt. Here 
again the sum of the two voltages is always equal to the steady 
B-battery voltage at any instant. The action of these two 
voltages is somewhat similar to that of a see-saw; when one 
goes down, the other goes up an equal amount, and vice versa. 
These conditions are all illustrated in the sketch of Fig. 16-2. 

Of particular interest is the fact that the plate voltage 
(voltage actually existing between plate and cathode, not the 
B-battery voltage) always varies in a sense opposite to that of 
the voltage across Ri, because the sum of both voltages at any 
instant must equal the B-battery voltage. This is brought out 
clearly by the positions of the peaks in graphs (C) and (Z>) . 

The power heating the plate of the tube at any instant is 
the plate voltage times the plate current, and the power dissi- 
pated in the load, Ri, at any instant is the product of the voltage 
across Ri and the plate current. The power heating the plate 
of the tube (the plate loss) is the power that would be meas- 
ured by a wattmeter connected in the plate circuit, and is equal 
to the average of t]he instantaneous powers obtained by individ- 
ual multiplication. In a similar manner, the power dissipated 
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in the load is also the average of the instantaneoiis powen ob- 
tained by individual multiplication. 

However, the power delivered to the entire circuit (plate oad 
load) is the poww delivered by the B-battery, which is equal 
to the S-battery voltage times the d-o plate current. Since the 
B-battery voltage is constant, and since the average plate 
current remains the same dtiring each cycle, as shown at (jB), the 
average power supplied to the entire circuit remains the same 
regcardless oj whether or not a signal is applied. This point is 
very important, for it means that, with no signal, the entire 
power supplied by the B-battery is wasted in heating the plate 
oJ the tube; but that when a signal is applied to the grid of the ■ 
tube, some of that same power is fed into the load, so that the ; 
power supplied to the plate, and the consequent plate heating, < 
is less with a signal than without a signal I 

Further, if the grid bias and plate voltage are adjusted so 
that the plate current is half the maximum value, and if the load = 
resistance is equal to the plate resistance of the tube (which is 
the same as saying that the varying voltage drop across 22j is 
equal to that from plate to cathode of the tube), then the power ' 
dissipated in the internal plate circuit is only half of what it 1’ 
would be if there were no signal. 

For example, suppose that with no signal, the J3-battery is^' 
supplying 10 watts of power to a certain tube, all of which is h 
heating the plate and supplying a small loss to the grid circuit. ' 
How, when the signal is applied, the average heating of the plate 
may be oaiased by only 8 watts ; the difference of 2 watts is that > 
power which is 'abeor^d by the load. ^ 

lS-6. Hffeot of the Nature of the Plata Load. — If the I 
load of the tube we just considered is a resistance, then all of 
the output poweu developed will go toward heating this resist- 
ance. If the load is a coil coupled to an aerial, then most of 
the 2 watts will bo radiated into space as radio waves. It mair.. 
little difference to the tube where the 2 watts goes to, wid for 
tiiis reason the plate load is often referred to as a resistance, 
even though it artually does not consist of a piece of resistance 
material. The circuit acts as though a resistance were thmre. 

Suppose the load is simply a coil of wire, Li, as shown in 
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Eig. 15-3. Then, if the coil has very low resistance, an alter- 
nating voltage will be built up across it, but there will be very 
little power dissipated in it because there is no place for the 
power to go. In other words, in this case the plate will be heated 
by practically 10 watts of power, referring to our previous ex- 
ample. The interesting condition exists, then, that the stronger 
the signal voltage applied to a tube, the less is the heating of 



Fig. 15-3. — ^An am- 
plifier tube with an 
inductive load in its 
plate circuit. 


the plate of that tube if the load in its plate circuit can absorb 
power. 

15-7. Action of the Vacuum Tube as an Oscillator. — 
Suppose a signal is applied to the tube shown in Eig. 16-3; an 
alternating voltage will then be generated across the plate coil 
Li. Now if this coil is placed near the grid coil as shown in 


Fig. 16-4. — Producing a re^ 
generative feedback action in 
the circuit of Fig. 16-8 by in-» 
ductively coupling ener^ from 
the plate circuit hack Into the 
grid circuit. 



Fig. 16-4, so that Li acts like the primary of a transformer, a 
voltage will be induced in the grid coil L, because of the usual 
transformer action. And if the direction of the winding and the 
cQnnections of coil Li are correct, so that its magnetic polarity 
i# correct, the voltage it induces into Lt will aid (be in phase 
with) that induced in Lg by the signal across coil Then the 
duotuating^otential applied to the grid will be greater than be- 
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grid coil by the plate coil must be of the proper polarity; and (3) 
the voltage induced in the grid coil by the plate coil naust be large 
enough to excite the grid sufficiently. 

The third requirement needs further explanation. The sec- 
ondary of the transformer i, is like the secondary of any other 
transformer-T-it must supply the losses of the circuit connected 
to it. In this case, the losses are due to the resistance of the 
coil, the condenser, the wiring, and the grid-cathode resistance 
of the tube. True, the grid-cathode resistance may be very high 
because the tube is biased negatively, but it may become posi- 
tive during certain parts of the cycle, and, during these times, 
it draws current and dissipates power which must . be supplied 
by the secondary. Hence, the voltage in the secondary must be 
great enough to supply this power. This voltage comes from 
the plate circuit, which means that at least enough signal power 
must be transferred by the plate circuit to the grid circuit to 
overcome the losses in the grid circuit. This extra plate circuit 
signal power will only be available if the tube is an amplifier. 
It is seen, then, that the tube must not only be an amplifier, 
but it must amplify sufficiently to supply the losses in the grid 
circuit. 

IS-Q. Oscillator Grid Bias. — Without regard to how the 
plate energy is fed to the grid circuit, the question of the proper 
bias to apply to the grid must be considered, as it is a very 
important factor in the design of any service test oscillator. 
Bias may be obtained in three ways: by means of a grid-leak 
and grid-condenser; by a grid-bias resistor; or by a separate 
battery. 

If a bias resistor or battery is used, the voltage should be 
such that the tube operates as an amplifier, exactly like it would 
be used in a radio receiving set. Sometimes the bias voltage is 
made greater than that required for amplifier action. In these 
cases, the tube operates over the lower bend of its grid-voltage 
-plate-current characteristic, and therefore operates as a grid- 
bias detector. Under such conditions, plate current flows only 
during one-half of each cycle. This resxilts in increased effic- 
iency of the tube as an oscillator. Since the plate current flows 
during only about one-half of each cycle, the heating of the 
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grid coil by the plate coil must be of the proper polarity; and (3) 
the voltage induced in the grid coil by the plate coil must be large 
enough to excite the grid sufiSciently. 

The third requirement needs further explanation. The sec- 
ondary of the transformer Lg is like the secondary of any other 
transformer-T-it must supply the losses of the circuit connected 
to it. In this case, the losses are due to the resistance of the 
coil, the condenser, the wiring, and the grid-cathode resistance 
of the tube. True, the grid-cathode resistance may be very high 
because the tube is biased negatively, but it may become posi- 
tive during certain parts of the cycle, and, during these times, 
it draws current and dissipates power which must be supplied 
by the secondary. Hence, the voltage in the secondary must be 
great enough to supply this power. This voltage comes from 
the plate circuit, which means that at least enough signal power 
mv^t be transferred by the plate circuit to the grid circuit to 
overcome the losses in the grid circuit. This extra plate circuit 
signal power will only be available if the tube is an amplifier. 
It is seen, then, that the tube must not only be an amplifier, 
but it must amplify sufficiently to supply the losses in the grid 
circuit. 

15-9. Oscillator Grid Bias. — Without regard to how the 
plate energy is fed to the grid circuit, the question of the proper 
bias to apply to the grid must be considered, as it is a very 
important factor in the design of any service test oscillator. 
Bias may be obtained in three ways: by means of a grid-leak 
and grid-condenser; by a grid-bias resistor; or by a separate 
battery. 

If a bias resistor or battery is used, the voltage should be 
such that the tube operates as an amplifier, exactly like it would 
be used in a radio receiving set. Sometimes the bias voltage is 
made greater than that required for amplifier action. In these 
cases, the tube operates over the lower bend of its grid-voltage 
— plate-current characteristic, and therefore operates as a grid- 
bias detector. Under such conditions, plate current flows only 
during one-half of each cycle. This resxilts in increased effic- 
iency^ of the tube as an oscillator. Since the plate current flows 
during only about one-half of each cycle, the heating of the 
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tube is lesS; but current is supplied in the tuned circuit during 
the other half of each cycle by the flyioheel action of the circuit* 
Thus, if the half-cycle acts to charge the tuning condenser, and 
IB then removed, the condenser will discharge of its own accord 
and supply the other half-cycle. In a tuned circuit of low re- 
sistance, therefore, it is not necessary to supply it with a full 
wave. In fact, in a Class C oscillator only a small fraction of 
a half-cycle is supplied to the tuned circuit, the circuit iteelf 
supplying the remainder by flywheel action. Ilowt^ver, a« we 
shall see in Art* 15-18, biased tubes produce a large number of 
strong harmonics. Whether or not this is desirable depends on 
the design of the particular oscillator. 

When a grid leak and condenser is used, the grid leak, is 
connected as shown in (A) or {B) of Fig, 15-5. These connec- 
tions are similar to those used in receiving sets— the only 
difference lies in the values employed. In either connection (A) 
or (J9), the potential of the grid is sero with no oscillation. 
Any slight disturbance in the plate current (such as the turning 
on of the filament or plate voltages) will cause a voltage Im- 



pulse to be generated in JL, by the plate coil L%. Durlof ^ 
iwt'' po,8itive half-cycle, the grid is pc^itive md a p^id eumni ' 
4ow# The direction of the grid current for thw two circuit ar-"' 
rangements is as shown in: {^) nad (B) respocavcly of 
15-6. Since the grid current flows through the grid-leak r^i^ 
ance in either case, a voltage-drop is produced mmm tfi# grid 
leak, the ''grid" end being mgatim with respect to the *'oathcNie" 
end. This means that the grid receives a nm<Mm Mas due to 
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presence of the grid leak and the grid current flowing through it. 
It makes no difference in which of the two ways the leak and 
condenser are connected, the bias is generated just the same. In 
the first mode of connection (A) , the grid current flows through 




Fig. 16--6. — Direction of the grid current flow in the grid-leak 
and condenser circuits of Fig. 16-5. 

the grid-cathode resistance of the tube and the grid leak. In 
(B) it flows through the cpil I/* as well. 

The grid condenser in an oscillator is used solely for the 
purpose of by-passing the high-frequency oscillations around 
the leak. If the grid condenser were omitted in system (A), 
the tuning coil would short-circuit the leak; in system (B) the 
high resistance leak would be in series with the grid tuning cir- 
cuit and the grid of the tube, which would cut down the voltage 
applied to the grid. During operation, the bias voltage devel- 
oped is equal to the average grid current multiplied by the leak 
resistance in ohms; the grid condenser by-passes the r-f si^bal 
around this leak; hence the bias is constant. If the strength of 
the oscillations is increased by, say, increasing the plate voltage, 
then the bias applied to the grid is greater because the a-c grid 
voltage is greater. But this is as it should be, since an increase 
in plate voltage makes an increase in grid bias necessary, if the 
same relative operating conditions are to be maintained. 

15-10. Fundamental Oscillator Circuits. — ^We have not 
yet mentioned the different types of circuits that may be used 
to generate oscillations, for the reason that the considerations 
given the problem thus far merely concerned themselves with 
the general action of the vacuum tube as an oscillator and not 
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with details of the particular circuit used. As long m energy 
is fed from the plate to the grid circuit m suffioimt quatiiiti«8 
and of the correct instantaneous polarity iphme), the tube will 
oscillate. 

The grid and plate circuits of an amplifier tube can he ar- 
ranged in several ways to produce oscillationa, each arrangement 
having certain desirable characteristics which make it more 
suitable for particular applications— but they all operate on 
the principle of feeding energy back from the plate oirouit to 
the grid circuit. The frequency of the oscillations produced is 
governed mainly by the values of inductance and capacitance 
of the tuned circuits in either the plate or grid circuit. If a suit- 
able fixed inductance and variable timing condenser of proper 
value are employed, the frequency of the oscillator sipals may 
be varied over any desired frequency range. Thus it becomes 
a miniature radio broadcast station of variable frequency. 

There are several fundamental oscillator circulti in common 
use, and the service man will do well to tlioroughly acquaint 
himself with their fundamental connections so that he will be 
able to recognize them in other oscillator circuit diagrams which 
he may see. 

Fortunately, the more simple oscillator circuits are perfectly 
satisfactory for use in test oscillators for radio itrvlee work. 

Fro. IM— A eelf- 
modulatid 

circuit cf the ttckte* 
f«^.hadk type. Cm- 
denttr C hy-paimcft 
the plate vciteife aiq^ 
ply. 


They may be easily constructed and calibrated by the avemp 
service man with the aid of a few tools and without the nw^iity 
for employing complicated calibrating instrumeati. Some of 
these will now be described. The actual procedure to be fol- 
lowed in using them is discussed in detail !a following chapteit, 
1,5-U. Tkkkr Feedback Oscilktor Cimiit^ftvbd^ 
the best-kmoTO oscillator circuit Is the tioMer feedback clrcull 
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shown in simplified form in Pig. 16-7. The outstanding char- 
acteristic of this arrangement is the fact that the plate of the 
tube connects to B plus through a coil Lu B-f energy in this 
plate coil induces additional grid voltage in !/« by induction 
(transformer action), and it is in ‘this manner that the tube 
continues to oscillate. The closer the coupling between the 
tickler Lt and the grid coil the stronger the oscillation. With 
the connections to fixed, the polarity of the wiring to tickler 
Lt must be in correct phase in order for the tube to oscillate. 


15-12. Reversed Feedback 
Oscillator Circuit. — A slight- 
ly different arrangement of the 
conventional feedback circuit is 
shown in Fig. 15-8. Note here 
that the tuned circuit is in the 
plate circuit instead of in the 
grid circuit, and that the proper 
grid voltage is obtained by in- 
ducing a voltage in Lt- This cir- 
cuit is the reverse of the one 
shown in Pig. 16-7, and hence is 
called the reversed feedback 
circuit. This circuit is not used 
in service test oscillators to any great extent, but is described 
here because of the somewhat unusual location of the tuned 
circuit I/p-Cp. 

In discussing the theory of the oscillator from the standpoint 
of the amplifier, it was pointed out that the grid circuit was 
tuned to resonance with the applied signal. When the tube is 
generating self -sustained oscillations, there is no applied signal, 
but the frequency of oscillation is determined by that same re- 
sonant circuit. In our explanation of the action of the vacuum 
tube as an oscillator in Art. 16-7, we merely removed the applied 
signal and substituted for it a portion of the energy in the plate 
circuit. Now if the plate circuit is made the resonant circuit, 
then all that is necessary is a few turns of wire in the grid cir- 
cuit coupled to the plate coil in order to obtain the requisite 
grid voltage to keep the tube oscillating. This is exactly what 



Pig. 16-8. — ReYersed feed- 
back oscillator circuit. 
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the reversed feedback circuit contaius, as shown in Fig* 15-8* 

15-13* Tuned-Plate — Tuned-Grid Oscillator Circuit.— 
If the inductance of L* in Fig. 15-8 were made as large as 
and if it were shunted by a condenser of the same swe as Cp^ 
the voltage built up in the grid circuit would be vary large, 
simply because it is tuned to the same resonant frocpumcy as 
the frequency of oscillation. But if both coils were coupled 
magnetically as shown in that figure, the grid voltage would be 
excessive. However, it may be reduced to almost any d^,red 
value by reducing the coupling — spacing the coil® farther apart. 

Suppose the plate and grid coils are not magnetically coupled 
at all. Then the circuit should not oscillate, because there is no 
induced grid voltage to keep, or even start, it oscillating. But, ; 
fortimately, every tube used for service test oscillatort has a ®rid 
and a plate close to each other, and they are both of metal. 
This means that a capacity exists between the grid and the 
plate of the tube. Now r-f current will flow in the circuit at- . 
sooiated with a condenser, because of the charge and discharge 

of the condenser plates, whic4i| 
means that part of the enari^ 
in the plab''‘ ©ireult (obtaitt«rfi 
from some random initial 
turbanoe) may b© transftoei:^ 
to the grid circuit by meant 
this interna! giid-plate oapad^tj 
of the tube itself. If we 
our tuned grid and tun^ plata'" 
oircuit, then, Md coaneet It ail' 
shown in Hg. the eiieiA| 
will oscillate the fiii| 

rm&ivm ite moMng voltage vitf J 
the internal gdd**plate capacity 
of f|he tube. If fhe tube has a small ernmimt of eapacityi the 
tebi may imt Molllate,^ and an additional eond^aser must be 
,|ia©ed' from grid to plate outside the tube, as diown by #ti! 
dotted condenser Cpp, 

Only a small amount of grid excitation is nimded wititi thli 
eireuit because both ihe gprid and the plate cireuita are tim^ 





CH. XV 


THE SERVICE TEST OSCILLATOR 


849 


to the frequency of oscillation. Hence the name of this circuit, 
tuned'-grid — tuned-plate. Because of the two tuning condensers 
required, this circuit is not in general use in service test oscilla- 
tors, since in these instruments they would both have to be 
variable, thereby complicating the frequency control system. 

15-14. Meissner Oscillator Circuit. — ^Another well-known 
variation of the conventional oscillator circuit is shown in Fig. 
15-10. Here, neither the plate nor the grid circuit is tuned, the 
resonant frequency being determined by a separate circuit com- 


Fig. 16-10. — The 
Meissner oscillator 
circuit. A disparate 
tuned circuit com- 
posed of L and C is 
employed. 





posed of L and C, The important thing about this arrangement 
is that any random initial disturbance will cause a change in 
the plate ourrei^ through the plate coil Lp. This change will 
induce a voltage in the oscillatory, or tank, coil L, and set up 
oscillations in the L-C tuned circuit- The magnitude of these 
oscillations depends mainly upon the induced voltage and the 
resistance of the coil L, But the grid coil Lg is also magnetically 
coupled to this same coil L; hence the oscillatory current in the 
L-C circuit induces a voltage in the grid coil, and it is this 
induced voltage that keeps the tube oscillating. 

Another variation from what might be termed conventional 
circuits is the fact that the cathode, or filament, of the tube is 
not at B minus potential. The cathode may be grounded, and 
if it is, then B minus must not be grounded, otherwise the plate 
coil will be short-circuited. 

A distinct advantage of this circuit lies in the fact that the 
frequency of oscillation is really controlled by the resonant fre- 
quency of the L-C circuit, and is not influenced by tube and 
stray capacities. This circuit has been used extensively in 
small transmitters, but has not been used in service test oscilla- 
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tors, mainly because of the fact that three separate coils are 
required. This is a disadvantage in all-wave oscillators which 
employ rather complicated coil-tap and switch arrangements, as 
we shall see in Chapter XVII. 

15-15. Hartley Series and Parallel Feed Oscillator Cir- 
cuits. — ^Figure 15-11 shows the schematic circuit of what is 
probably the most widely used oscillator circuit employed for 
test oscillators. The resonant frequency of the circuit LCi de- 
termines the frequency of oscillation. The plate of the tube 


Pia. 15-11. — Seriei 
feed Hartley oscilla- 
tor circuit. The feed- 
back coil Lm i» in 
esviea with the plate 
circuit. 



oonneots through the by-pass condenser C to one end of tbk 
coil, and the grid connects to the other end. The filament or 
cathode is tapped somewhere in between, usually about the 
total number of turns from the bottom. Thus the coll L Is 
divided into two sections, Lg and Lp, 

Any initial disturbance sets up a voltage In the plat# coil 



Fio. l5-l2.-«Pamll«l 
feed Haraey iMcllla- 
tor circuit. The feed- 
back cell £#t and 
denser C| form a paiv 
allel circuit with 'liiat 
of the plate* 


Jjp, which sets up an oscillating current in the whol# coil imd 
condenser circuit LCi; part of the voltage aerewa L Is applied 
between grid and filament of the tube to kei^ th® circuit ' 0 ®» 
oillathpg.' Th#' position of the cathode tap is therefore important 
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in determining the value of the grid voltage and the amount 
of inductance in the plate circuit. 

This circuit is called a series feed Hartley circuit because 
the plate battery is connected in series with the coil Lp and the 
plate-cathode resistance of the tube. If it is connected in par- 
allel with the cathode and plate, as shown in Fig. 15-12, it is a 
shunt, or parallel feed Hartley circuit. The mode of operation 
is the same for both. 

In the series feed circuit, the plate current of the tube, whether 
or not it is oscillating, flows through the coil Lp because it is 
in series with the plate circuit. However, in the shunt feed cir- 
cuit, the d-o plate current does not flow through Lp, because of 
the by-pass condenser Cp, but the r-f current is forced through 
it by the r-f choke. 

The construction details for both a practical battery-operated 


Pig. 16-18. — Circuit 
arrangement of the 
Colpitts oscillator. 
The tuning capacity 
consists of two parts, 
one for the grid and 
the other for the plate 
circuit- 





and a line-operated test oscillator employing the Hartley parallel- 
feed circuit are presented in Chapter XVI. 

15-16. Colpitts Oscillator Circuit. — ^Instead of using part 
of the inductance of the tuned circuit for the plate and grid 
coils, it is entirely possible to break up the tuning capacity into 
two sections, using one for the grid and the other for the plate 
circuit. This idea is the principle of the familiar Colpitts cir- 
cuit shown in Fig. 16-13. The tank condenser is now composed 
of Ci and Cf in series, the combination being in parallel with 
the coil L. The grid leak is connected from grid to cathode 
in this circuit, because the cathode is not directly connected to 
the coil to complete the grid-return circuit. The r-f choke is 
connected as shown, in order to Complete the B battery circuit 
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to cathode. If the choke ia a good one, it will not affect the op- 
eration of the tube as an oscillator. 

Any disturbance will change the current through tlie choke, 
^cause the choke is in series with the plate circuit. A change' 
in curr^t means a change in voltage, and this change in voltage 
is applied across C, because C* is in parallel with the choke. 
Now a voltage across C, will cause condenser Cj to be charged 
and discharged according to the charge and discharge of C„ and 
in this manner an oscillating current is set up in the LC,Ct 
circuit. The alternating voltage across C, is that which actu- 
ates the grid; and the one across C, is that which excites the oscill- 
ating circuit. 

In other words, the voltage across Cg corresponds to that 
across L, in the Hartley circuit, and that across C, corresponds 
to ttie voltage across L,. The method of grid circuit excitation is 
mducUve in the Hartley and capacitaUve in the Colpitte circuit. 

15-17. The Dynatron Oscillator. — ^It will be recalled that 
the vacuum tube can be made to generate high-fiequwDoy cur- 
rents because of variations in plate current caused by 
in some other element, usually .the control pid. Furthermore, 



Fio. 16.l4_Fnada- 

mtntal dytmtr&n 
aotsrlttie of m Mirton 
grid tulMi. Omr 
^on B-C mn 
in plmU rollmgm 
iialfei la m dmrmm 
flfXm oarrmt ^ 
tab# todhlMte a 
tkf0 ©Itar- 


tlie usual form of oscillator is oquippsd with two ^ of eoils, 
a grid and a plat© ooiL 

Because of the peculiar oharaoterisMo of a soreen-pid tube 
(not a pentode) , it may be caused to gen«^ate altemaMng eur- 
reats by virtue of the unique shape of the plate-volt«ge~iplatt- 
ourrent curve. Consider such a curve as shown in Fig 15-14 
Imagine the potential of the plate of a screen-grid tube (not a 
pentode) to be gradually increased from sero, and the screen 
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voltage maintained constant. At first, the plate current increases, 
as shown, in the region between point A and B, and then decreases 
with increasing plate voltage (from B to C). This decrease in 
plate current is due to the secondary emission of electrons from 
the plate toward the screen grid. The screen grid attracts these 
secondary electrons because the fixed screen potential is greater 
than the plate potential in this region- Therefore, the screen 

Fig. 15~16. — Fundamental 
circuit arrangement of the dy> 
natron oscillator. LC forms the 
tuned circuit. 


attracts all the secondary electrons imtil the plate has a potential 
equal to that represented by point C. Any further increase in 
potential beyond that point, causes an increase of plate current, 
because now the plate has a higher potential than any other ele- 
ment in the tube has, and it can therefore attract back any “secon- 
dary’’ electrons that it may emit. The rise from C to X) to JS? 
is “normal”. 

It is the region from B i>o C that is the interesting one from 
our standpoint. An increase in plate voltage produces a de- 
crease in plate current, and if the tube is connected as shown 
in Fig. 16-15, oscillations will be generated. We will now see the 
reason for this. 

Any initial disturbance in the circuit at all (such as the ap- 
plication of plate or screen voltage) will cause a change in the 
current through the coil L and a change in charge in the con- 
denser C, the tank circuit. This means a change in voltage 
across L (and, of course, across C). If this small generated 
voltage is such as to increase the total applied plate voltage,, 
the plate current will decrease, because of the peculiar charac- 
teristic, and this decrease in plate current will generate a voltage- 
across L which will be in such a direction as to tend to main- 
tain this current constant. In other words, the plate voltage will 
increase again, causing a further reduction m plate current-i 
This process continues until point C on the characteristic is 
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reached, aftar which time^ increasing voltage causes an increase 
in currant. Hence the direction of the generated voltage will 
be reversed — in such a direction as to reduce the plat© voltage — 
and the current will rise to point B on the curve. In other 
words, if the normal plate voltage without oscillation is repre- 
sented by point O, the reversed slope of the curve will maintain 
oscillations. 

Another explanation for this action is usually given in terms 
of the negative reeietance of the tube in the dynatron region. 
lElesistance is equal to voltage divided by current. A positive re- 
sistance is one in which an increaee in applied voltage is accom- 
panied by an increase in current; a negative resistance is on© in 
which an increaBe in voltage is accompanied by a decrease in cur- 
rent. Therefore, since in the region between B and C (Fig. 1§-14), 
an increase in plate voltage results in a decrema in plate current, 
the tube may be looked upon as a negative resistance. A glance 
at the schematic diagram of the dynatron circuit will show that 
this negative resistance of the dynatron is shunted across the 
oscillatory circuit composed of L and C. Now a negative re- 
sistance across a positive resistance means that the tiet Is the 
difference between the two (one tends to increa^ the current 
while the other tends to decrease it), and, if they are both 
equal, the resistance of the circuit is aero. 

Any circuit with asero resistance will maintain a eirculatiag 
current for an indefinite length of time; hence, the oscillating 
current will be maintained. Any tendency to absorb eneit^ 
(and hence increase the positive resistance of the circuit) will 
be compensated for by the negative resistance of the tube. 

(There is no doubt about the fact that a clear conception 
of negative resistance is beyond the scop© of average radio 
m^an without a knowledge of at least the calculus. But so mmaj 
writers have referred to the negative slope and characterisW© 
of the' dynatron, that the author has included this brief not© In 
the hope that it may make these ejcplanations a bit clearer.) 

; The dynatron oscillator cannot be considered a stable cws- 
^illator. ' The characteristics of a group of tubw of the same 
type are not likely to be the same in the d3m«tarffln n^on (es- 
pecially since the plates of tub^ are now carbonised to f^uce 
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secondary emission). However, the use of but a single coil, and 
the elimination of numerous adjustments have made this form 
of oscillator somewhat popular for some classes of work. It 
is not a very stable oscillator, even with a given tube, because of 
the change in secondary emission with changes in temperature. 
Under thermostatic control, however, it should prove very suit- 
able, but a thermostatically controlled arrangement is hardly 
practical for use in test oscillators. 

15-18. How Harmonics are Generated in an Oscillator. — 
Erom the previous discussion of oscillators, it is clear that the 
frequency of oscillation is determined by the tuned circuit, called 
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Fig. 15-16. — Diagram il- 
lustrating how harmonic 
frequencies may be gener- 
ated in amplifier and oscil- 
lator tubes. Operation of 
the tube at the lower bend 
produces distorted wave- 
form S which represents a 
condition where harmonic 
frequencies are present. 


the tank circuit, and it appears from this discussion that but one 
frequency can be generated at a time — ^that corresponding to the 
resonant frequency of the tank circuit. But an important con- 
sideration arises here — almost all oscillators generate frequencies 
which are integral multiples of the main, or fundamental, fre- 
quency, and these frequencies are called harmonics of the fun- 
damental. Let us revert to the theory of the vacuum tube op- 
erating as an amplifier, for a plausable explanation of this. 

Figure 15-16 shows the grid-voltage — opiate- current charac- 
teristic curve H-G-D of a typical triode. Assume that a grid 
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bias, designated by the distance 0--4, of such value that the tube 
opiates normally over the straight portion E-jD of its charac- 
teristic, has been applied- The no-signal plate current is them 
represented by distance A-C. If a signal F, represented by sine- 
wave is now inipi'ossed on the grid of the tube, the 

plate current will vary in accordance with the corresptmding 
plate-current curve E, marked Since the tube Is 

operating over the straight portion of its characteristic, the in- 
creases in plate current are equal to the decreases, and the form 
of the plate current variations is exactly (for our purponc) the 
same as the form of the applied signal voltage variations. Und« 
these conditions, the plate current has but one frequency— that 
determined by the signal. 

Suppose, however, that the bias is made more negative, so 
that the no-eignal operating point is represtinted by F. The same 
signal, now labeled Q, k impressed on the tube. The rcHultlng 
plate current variations, curve 8, do not resemble the Input volt- 
age variations at all: the increases, 7-S-P, in plate current are 
much greater than the decreases, 

Under this oondition of tube operation, the output is distorted, 
for its wave-form does not resemble that of the applied sipiaL 
There are several ways by which this distortion can be depiohwi: 
first, the distorted wave form can be plotted (as we did) «yad the 
picture studied; second, the ratio of the plate current d$cr§mm 
to the plate currant incremea can be measured aad this raMo 
considered as a measure of the distortion; or third, the distort 
wave may be considered as being composed of a number of 
pure wmm, of the mme form a$ the origimd ($wm wmm) 
differmg either in fregt^may and/or m ampl{tt$de. For prakie^ 
purposes^ the third method is the preferable <m@, the finst twO' 
being used when the amplitude and number of waves or fre* 
quenoies required are to be calculated. Th^we extra frequencies 
aire called harmonics of the main, or fundamental frequency. 

15-19. Harmonic Frequencies. — ^Let us consider our dis- 
torted wave-form further. If the wave is considered as being 
composed of the fundam^tal and a ntunbe^ of intepal fr^uw- 
cies, then, at any instant, the stun of all of them Should equal 
the origmal distorted form. This is exactly the state of affairs. 
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The distorted wave may be considered as composed of waves 
of a number of different ^^harmonic^' frequencies, each bearing 
a definite relation to the lowest frequency generated^ called the 
fundamental,^^ which is determined by the resonant frequency 
of the tank circuit. 

This means that if another tuned circuit were coupled to the 
tank circuit, and the resonant frequency of this other circuit 
were adjusted (in turn) to two, three, four, five, etc., times that 
of the fundamental frequency, currents having a frequency of 
two, three, four, five, etc., times respectively that of the ‘‘filn- 
damentaP' frequency of the oscillator would be induced in this 
circuit. Each of these individual currents would be pure sine 
waves, and entirely suitable for service work. 

To illustrate this point, let us assume that a tuned circuit 
is made to oscillate at a fimdamental frequency of 600 kc. If a 
radio receiver is coupled to the tank coil of the oscillator by 
means of a coil having a few tiu-ns placed in inductive relation 
with the tank coil so as to absorb energy from it, and the re- 
ceiver is tuned to 1,000 kc, the modulated oscillator signal will 
be heard. This frequency is the '‘second harmonic^'. Another 
signal will also be heard when the receiver is tuned to 1,500 kc,. 
etc. This signal is the "third harmonic^^ having a frequency 
three times that of the fundamental. 

This question of harmonics may be summed up as follows: 
f If a vacuum tube has a sufficiently large grid-bias voltage 
cvpylied to it, any sine-wave voltage impressed across its grid 
circuit does not cause equal changes of plate current during each 
half cycle, due to the fact that the tube will be operating over 
h e curved por tion of its grid-voltage — plate-current characteris- 
tic. This ca^es^he wave-jorm of the plate current to differ 
somewhat from that of the sine-wave grid impulses and become 
distorted, resulting in a generation of multiple frequencies (har- 
monics) in addition to that frequency (fundamental) to which 
the oscillating circuit is tuned,^ 

15''20. Computation of EEarmonics. — The fxmdamental 
frequency is the lowest frequency generated by an oscillator 
for a given inductance and capacity in its tuned circuit. This fre- 
quency, rejgardlese of its amplitude, is determined by tihe resonant 
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ductance and the maximum setting of the tuning condenser) , and 
that the capacity yariation range of the condenser is 16: 1 ; that is, 
suppose the ratio of the maximum to the minimum capacity of 
the condenser is 16:1. Then, since the frequency {m cycles 
per sec.) of a resonant circuit is 

159,000 

, i 

V L (in microhenries) X C (in microfarads) 

the frequency coverage ratio is 4:1. This means that the max- 
imum fundamental frequency would be 400 kc (obtained at the 
minimum-capacity setting of the tuning condenser). The fifth 
harmonic of this maximum frequency is 2,000 kc. If all the har- 
monics to the fifth were strong enough for use, then the effective 
range of this oscillator would be from 100 to 2,000 kc. 

Another coil could be switched in the circuit to make the 
lowest fundamental frequency 400 cycles, and, for this coil, the 
range would be from 400 to 1,600 kc without harmonics, and from 
400 to 8,000 kc with harmonics. 

This action of an oscillator tube to produce, in addition 
to the fundamental frequencies, ^‘harmonic frequencies which 
are multiples of the fundamental frequencies to which its oscil- 
lating circuits are tuned, is utilized in some test oscillators, for it 
makes possible the construction of cheap and simple oscillators, 
which cover the very wide frequency band required for adjust- 
ment and test work on both broadcast r-f, and intermediate 
frequencies. It is seen from the above, that, if the “harmonics*^ 
produced by the oscillators are employed, only a few coils are 
required in them in order to have them, produce signals over the 
complete i-f and r-f bands used in radio receivers today. Hence 
their construction is greatly simplified. However, test oscillators 
which produce fundamental frequencies covering a range from 
about 100 to at least 25,000 kc (or, better still, up to 30,000 kc) 
are preferable, because the higher-frequency signals are usually 
stronger and the manipulation of the instrument is simplified. 

15-21. Amplitude of the Harmonics Produced. — ^The am- 
plitudes or “strengths’^ of the harmonics depend upon the 
amount of distortion in the wave form — ^thp. p^reater the diRtnrtion 
the stronger are the harmonics. In general, severe diatortioBM^f 
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ductance and the maximum setting of the tuning condenser) , and 
that the capacity Yariation range of the condenser is 16: 1 ; that is, 
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monics to the fifth were strong enough for use, then the effective 
range of this oscillator would be from 100 to 2,000 kc. 

Another coil could be switched in the circuit to make the 
lowest fundamental frequency 400 cycles, and, for this coil, the 
range would be from 400 to 1,600 kc without harmonics, and from 
400 to 8,000 kc with harmonics. 

This action of an oscillator tube to produce, in addition 
to the fundamental frequencies, ^^harmonic’^ frequencies which 
are multiples of the fundamental frequencies to which its oscil- 
lating circuits are tuned, is utilized in some test oscillators, for it 
makes possible the construction of cheap and simple oscillators, 
which cover the very wide frequency band required for adjust- 
ment and test work on both broadcast r-f, and intermediate 
frequencies. It is seen from the above, that, if the ‘‘harmonics’^ 
produced by the oscillators are employed, only a few coils are 
required in them in order to have them, produce signals over the 
complete i-f and r-f bands used in radio receivers today. Hence 
their construction is greatly simplified. However, test oscillators 
which produce fundamental frequencies covering a range from 
about 100 to at least 25,000 kc (or, better still, up to 30,000 kc) 
are preferable, because the higher-frequency signals are usually 
stronger and the manipulation of the instrument is simplified. 

15-21. Amplitude of the Harmonics Produced. — ^The am- 
plitudes or “strengths’^ of the harmonics depend upon the 
amount of distortion in the wave fo rm — ^th e prreater the diRtnr tiQn 
the stronger are the h armo nics. In general, severe 
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The simplest method for explanatory purposes is shown in Pig. 
15-17 and is known as grid modulation, because the audio modu- 
lation is impressed in the grid circuit. The oscillator shown is the 
tickler type, and the only change is the insertion of the secondary 
of an audio transformer in the grid-return lead. An audio signal 
from a carbon microphone or an additional audio oscillator 
(similar to any of the oscillators described in this chapter, for 


Fig. 15-.17.— Circuit 
;arraiigem6nt of a 
simple grid-modulated 
oscillator with tickler 
feedback. Modulation 
is secured here by the 
use of an audio signal 
and transformer T- 
Condenser is xnererr 
ly an r-f by-pass. 


•example) is impressed on the primary of this transformer; the 
resulting secondary voltage varies the grid bias of the tube at a 
rate determined by the frequency of the audio signal. 

Thus, suppose the r-f grid voltage is represented by (A) in 
the diagram of Fig. 15-18, and the audio voltage is represented 
by (B ) ; the resulting modulated r-f wave is as shown at (C) . 
The frequency of the r-f oscillations remains about the same, but 
their amplitudes vary at the rate determined by the amplitude 
of the audio signal. If the peaks of all the r-f cycles are con- 
nected together, the line connecting them is called the envelope 
of the wave, because it envelopes the entire r-f wave. 

15-24. Per Cent Modulation. — ^In the example shown in 
Fig. 15-18, the amplitude of the unmodulated wave (^4.) is rep- 
resented by the distance A, and the audio signal is assumed to 
have the same amplitude, that is, the voltage impressed on the 
grid of the tube due to the oscillations (the voltage across the 
tuning condenser) is equal to that across the secondary of the 
audio transformer. Hence, since currents in the same phase add 
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example) is impressed on the primary of this transformer; the 
resulting secondary voltage varies the grid bias of the tube at a 
rate determined by the frequency of the audio signal. 

Thus, suppose the r-f grid voltage is represented by {A} in 
the diagram of Fig. 15-18, and the audio voltage is represented 
by (B) ; the resulting modulated r-f wave is as shown at (C) . 
The frequency of the r-f oscillations remains about the same, but 
their amplitudes vary at the rate determined by the amplitude 
of the audio signal. If the 'peaks of all the r-f cycles are con- 
nected together, the line connecting them is called the envelope 
of the wave, because it envelopes the entire r-f wave. 

15-24. Per Cent Modulation. — ^In the example shown in 
Fig. 15-18, the amplitude of the unmodulated wave (.A) is rep- 
resented by the distance A, and the audio signal is assumed to 
have the same amplitude, that is, the voltage impressed on the 
grid of the tube due to the oscillations (the voltage across the 
tuning condenser) is equal to that across the secondary of the 
audio transformer. Hence, since currents in the same phase add 
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and those in opposite phase oppose each other, at some instants 
the net voltage on the grid will be 2A and at other instants the 
net voltage will be sero. Hence the amplitude of the resulting 
radio wave varies from s&ero to 2A, m shown in (C) of the 
figure. 

On the other hand, suppose the amplitude of the audio volt* 
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Fia. 16-18,-— What happens during the modtilatlon of r-f cwdlftifc'i' 
tions. Modulation consists in causing the amplitude of the high** 
frequency current, (A>, to vary in strength in aocoidaiice with m' 
a-f variation, (R), to produce an r-f current, (C), of coiTi»pondt»|Sp” 
varying strength, 

.,age (B) were but one-half that of the unmodulated r-f voltaf#"’ 
"(A):'; ,then the ^ resulting radio wave would be as ihown at (D), 
'.The ampMtude now does not rise to twice iU unmodulai^ Tidue, 
.hut oiily to .50'% more; Mid in a similar manner it do«s not 
down to sero, but only to half its unmodulated Tsdu#» la oibir i 
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words, the amplitude varies at an audio rate, but only 50% 
above and below its unmodulated amplitude, because the strength 
of the audio signal is but 50% of that of the unmodulated r-f 
signal due to oscillation. 

The percentage oj modulation is the ratio (expressed in per- 
centage) of the increase or decrease in amplitude due to modu- 
lation, to the amplitude of the unmodulated signal. In the case 
shown at (C), the per cent modulation is 100, and in the case 
shown at (D) the wave is modulated 50% because B/A is 0.6 
= 50%, since the amplitude of the audio signal is half that of 
the r-f signal. 

15-25. Plate Modulation. — ^The grid modulation arrange- 
ment shown in Fig. 15-17 is generally unsuitable when stability 
is desired, because the changes which the audio signal pro- 
duces in the grid potential shift the bias too much for high per- 
centage of modulation and introduce undesired forms of audio 
distortion. Then, too, the frequency of oscillation varies with 
the audio signal, with the result that the frequency is modulated 
(shifted) as well as the amplitude. Furthermore, when the 
audio is removed to obtain only the carrier, the frequency of the 
steady oscillation is different from the modulated carrier. These 
considerations led Heising to develop a system of modulation in 
which the modulating source varies the plate voltage of the 
oscillator tube, instead of the grid voltage. It is therefore called 
plate modulation. 

The circuit diagram of one of the various arrangements for 
producing '‘plate’^ modulation is shown in Fig. 15-19. The oscil- 
lator shown is a shunt-feed Hartley. Normally, with no mod- 
ulation, the B power source would be connected across term- 
inals 1 and 2; but when plate modulation is used, an audio 
choke, L, is connected as shown. This choke is also in the 
plate circuit of an audio amplifier tube F* to which the audio 
modulator signal is fed. Variations in the grid potential of V* 
(called the modulator tube) vary the voltage across the choke L. 
This variable voltage is applied to the plate of the oscillator 
in series with the B voltage which is now common to both tubes. 
In this manner, the oscillator plate voltage is varied in accord- 
ance with the audio signal impressed on the tube Ft- Since the 



864 


MODERN RADIO SERVICING 


CH. XV 


output of an oscillator is directly proportional (within limits) to 
its plate voltage, the amplitude of the generated high-frequency 
oscillations varies in accordance with tlio iinprt‘ssc‘d audio signal. 

The resistor B is merely a voliagc-tlropping resistor to make 
the oscillator plate voltage lower than that of the modulator in 
order to secure a high percentage of modulation. The choke L 



Fxa. 16-19. — Heising or system of modmlatlonu Hare tlie 

modulating iouroa modulatoi the plat4 voltage of toe omlllator tahe 
through choke L, 


may be replaced by the secondary of an audio trimsformer if 
so desired, with exactly the same principle of operation. Since 
L has a very high inductance, the current thmugh it chani^ 
hut little, and for this reason this system is mmeUmm known as 
the constant^current system of modulation. It is without doubt 
one of the most commonly used methods of modulating toe oscs 
rler in modulated oscillators requiring stability and laltoful 
reproduction, as we shall see in Chapter XVII. Commercial 
test oscillators employing this method are described in Arto 
17-», 17-a, and 17-4. 

: Electron Modulators. — ^The two systems of 

lation already described depend for their operation upon toe 
variation of either the control-grid or toe plate potential by the 
modulating si^aL It is possible to modulate a carrier without 
recourse to this method, (which almost always results in fre- 
quency modulation and instability) . By applying the modulating 
sigaal to another grid placed in the electron stream between the 
cathode and the plate of toe r-f oscillator tube, it is pcwsible to 
vary thu electron stream in accordance with the modulating 
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signal, and thus modulate the plate current without changing the 
potentials applied to the oscillator electrodes of the tube directly. 
A circuit diagram for such a system is shown in Fig. 15-20. 

The tube shown here, the familiar 2A7 which is equipped 
with five grids, labeled as shown. Grid 1 is connected to the 
cathode because it is not required for our purpose. Grid ^ con- 
nects to one side of the modulating circuit, as does one side of the 
tank coil. Grids 3 and 5, tied together inside the tube, shield the 
control-grid, No, from capacitative coupling effects and are 
placed at a potential slightly lower than the plate voltage, a 
normal connection. Now, when the audio modulating signal 
varies the potential of grid 2, the number of electrons reaching 
the plate (as a result of the r-f potential placed on the control- 
grid by the oscillating circuit) varies, in direct proportion to the 
voltage of this No. 2 grid. In this manner, the r-f plate current 
has an envelope similar to the audio wave, and none of the os- 
cillation-generating elements have their potential varied. In 
other words, grid ^ acts on the r-f electron stream directly and 



Pig. 16-20. — An electron modulator system. Modulating grid G, 
controls the flow of the stream of electrons between the cathode and 
plate and modulates it in accordance with the modulating signal im- 
pressed upon it. 

^‘modulates” the flow of electrons between the cathode and the 
plate. 

It is not essential for grid 2 to be the modulating grid. Any 
of the grids in the tube are suitable: the r-f oscillator grid may 
be No. 2 and the modulating grid No. etc. As long as the tube 
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oscillates and the modulating grid varies the electron stream, the 
tube current is modulated. Also, a stjparale oscillator and modu- 
lator tube may be €mpk)ye<i, so long as modulation takes place by 
control and variation of the electron stream within the modula- 
tor tube, A commercial test oscillator employing this arrange- 
ment is described in Art 17-11. This system is gaining much 
favor in low-powered oscillators, and its stability hat much to 
recommend it. The important point about it is that there is no 
mutual inductance or capacitance coupling between the oscillator 
and modulator sections of the system— the coupling or control is 
obtained purely by the electron stream. Despite the fact that 
these somewhat ideal conditions are not realired in practice, 
practical electron modulators are sufficiently good to warrant 
their favor. 

"n^ 5-27. Self-Modulated Oscillators.— The oscillator syatemi 
already described are suitable for tests where stability and ac- 
curacy are of importance. For the radio service work ordinarily 
encountered, extreme stability and accuracy are not neoeesary 
nor desirable from the standpoint of cost, portability, upkeep, 
fragility, and test requirements. A simple one-tube oscillator, 
capable of modulating itself, or of being modulated from an w- 
temal source such as a phonograph pickup, an a-f oscillator, etc., 
is really what is desired. The modulating system must be simple 
and fairly reliable. There are many oscillators available that 
use separate modulators and that are very stable for servioe 
work. These oscillators are better than any self-modulated sys- 
tem. The Uak^modvXatOT system is used in many of the Imm 
expensive self-modulated radio test oscillators bteanw of its 
simplicity. 

If the grid leak and condenser, Bp and respectively, in 
any of the oscillator diagrams shown previously, are made large 
enou^, then the condmser will accumulate a negative ehar|^ 
on the side nearest the ^d. This charge cmnot leak off faal 
enough to keep the grid from becoming more and more ni^-^ 
tive because of the large sise of the cond^yser md witti 
the result thiatj., eventually, 'the negative charge becomee pmt 
enough to stop the flow of plate current. This memss that thir 
tube stops oscillating. 
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When the tube stops oscillating, there is no varying potential 
•on the grid, so the grid condenser starts to discharge slowly 
through the leak (the power stored in the condenser is dissipated 
as heat in the leak resistance) until the plate current rises 
sufficiently to start oscillation again. Just as soon as the oscil- 
lations start, the grid condenser begins to accumulate a charge 
again, and the process repeats itself. In this manner the tube 
starts and stops oscillating at a rate depending upon how fast 
the condenser can charge and discharge. This rate, in turn, de- 
pends upon the size of the condenser and leak. The higher the 
•capacity and the higher the resistance of the leak, the more time 
it takes to build up a charge and the longer it takes to discharge. 
This means that the oscillations are stopped and started again at 
a slower rate than with a smaller condenser and leak. It is this 
starting and stopping action that modulates the normal plate cur- 
rent — hence the name self ’-modulation, or, grid leak and condenser 
modulation. Of course, the advantage of this circuit lies in the 
fact that the oscillator is simple since it does not require any 
•external modulator. Commercial test oscillators employing this 
method of modulation are described in Arts. 17-5 and 17-7. 

It should be pointed out that with a small condenser and a 
small leak resistance the charging and discharging takes place 
just the same. But the point is, that it charges and discharges 
fast enough so that the amount of charge (and hence the highest 
negative potential) is never great enough actually to stop oscil- 
lation. It is only when the capacity is large and the leak re- 
sistance is large that self-modulation can take place. 

It will be recalled that the purpose of the leak is to provide 
an automatic grid bias for the tube. But if the leak resistance 
is too great, the bias becomes too great, and the tube stops os- 
cillating. The condenser, whose function is solely to by-pass the 
leak during the ^^no-modulation’^ condition, assumes an im- 
portant role when self -modulation takes place. Instead of mere- 
ly by-passing, its charge becomes greater and greater during 
each r-f cycle, imtil finally it becomes great enough to stop os- 
cillation. As mentioned previously, small condensers take a 
correspondingly smaller charge, and under normal conditions 
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this charge is never great enough to seriously affect the operatir^ 
conditions. 

Another method which may be emph^viHl to prcxluce self- 
modulation in teat oscillatore is to operate the oscillator from the 
60«cycle a-c power line, supplying this (10-cyclo alternating cur- 
rent to both the filament and the plate circuit of the oscillator 
tube. Naturally, the plate current will be a d-c current pid.saiing 
60 times per second. This causes a 60-oycle modulation in the 
r-f output. A commercial test oscillator employing this prlnelplt 
is described in Art. 17-8 of Chapter XVII . 

15-28. **Frequency»^ Stability of Oscillators.—An oscil- 
lator is said to be Hable when its frequency and voltage output 
do not vary with time. In other words, the frociucncy and 
voltage output of an oscillator should remain conitant both duj> 
ing a test and from one test to another. When output readings 
are taken on a radio set which is being fed by an oscillator, it 
is quit© essential that the oscillator output remain constant, el» 
the readings can have little significance. ; 

The stability of the usual oscillator of the vacuum-tub© type | 
is very good, unless the dynatron is used. As pointed out in*! 
Art. 15-17, the dynatron is inherently an unstable form of oseil* " 
lator, and its use should be limited to teste where accurate 
bration is not essendal. There are two classes of instablUty . I 
of the frequency — ^Mrift*' and “flick”. When the frequency of m" 
oscillator changes very slowly, the change is called a drift, and 
when the change is rapid, it is called a flick. i J 

Slow changes or “drifts” in frequency are due to the chang- ' 
ing oharacteristios of the tube or batteries used, to any gradual 
absorption of moisture in the insulating forms of the coil and 
the insulation of the tuning condenser, to any gradual det^- 
ioration of the grid leak and condenser, and to any change In 
tuning eoil charaoteriatios due to temperature changes. 
are due to poor or loose oonneciaons, and more generally to poor 
grid leaks. It must be remembared that the grid current of 
certain types of oscillators may be gfeater than the plaf» cur- 
rent, and a small leak, unable to handle this current safely, will 
rirow mrario changes in resistance value from instant to Instant 
because of overheating. 
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15-29. “Amplitude*' Stability of Oscillators. — Oscillators 
tend to function more strongly at the higher than at the lower 
fundamental frequencies because of the existence of the internal 
capacity of the tube. However, a given oscillator may give more 
output as the tuning-condenser capacity is reduced (higher fre- 
quency) , and then, quite suddenly, the output drops. This rapid 
drop is due to the very small value of tuning condenser in the 
tank circuit, which is unable to keep the circuit oscillating. This 
point may be explained as follows: 

An oscillator is a power generating device, and, as such, must 
store power in the tuning coil and condenser. The coil and 
condenser do not absorb power, they just store it up for use by 
the external circuit. The energy stored in a condenser of cap- 
acity C is y 2 CE^, where E is the voltage across the condenser. 
Now, with the alternating grid voltage fixed by the tube, bias, 
plate voltage, etc., sufficient energy cannot be stored when the 
capacity C is too small; hence the power output must drop. 
This accounts for the rather sudden drop in output at the very 
low capacity settings. 

The rise in output due to inter-electrode feedback is compen- 
sated for to some extent by the grid leak and grid condenser. 
It may be further improved by the use of a large plate (tickler) 
winding closely coupled to the grid circuit. The large plate coil 
acts to some extent like a choke (see the tickler oscillator cir- 
cuit) , which tends to reduce the high-frequency output by in- 
creased choking action. Too big a tickler, however, will stop 
oscillation. Therefore, the tickler should be adjusted so that best 
oscillation is obtained at tlje highest fundamental frequency. 

15-30. Effect of Coupling to the Oscillator . — An oscil- 
lator in itself is of little use ; it is useful only when part of the 
energy of the tank circuit can be removed for “test** or other use- 
ful purposes. But when a coil is coupled to the tank coil and en- 
ergy is removed in this fashion, the inductance of the tank coil 
changes. This causes a change in the frequency of the output 
of the oscillator. All the types of oscillators already described 
in this chapter, therefore, are subject to changes in frequency 
with changes in the load. This frequency shift may be small 
or it may be very large, depending upon many factors, such as 
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the amouDt of coupling, the amount of energy renu^'ed, the sine 
of the inductance, the frequency, etc. Any means which pro- 
vides for the removal of energy without shifting the frequency 
of the tank circuit will result in increased stability and con- 
stancy of frequency. The electron-rouplrd type oscillator 
complishes this. 

15-31. The Electron-Coupled Oscillator.— There is noth- 
ing radically different about the ‘^oscillator portion** of an el«s- 



Fw. 15-2!— A typl* 
cal <di»ctron*ceupfeil 
oscillator circuit. A 
Hartley cwclllator ai>. 
rfU4ct*m€*tit it utaA 
The oteiilator is 
tr<»« ctniplcd to 
plate, Ft and the 
t^mal 04rmU via tht 
eleetron stream in ths 
lube. 


tron-couphul oscillator. The main deviation from the canven- 
tional oscillator circuit lies in the method of coupling the 
oscillator plate circuit to the external or outputt circuit of thi],, 
oscillator. A typical okctron-couphNl oscillator arrangmont lif 
shown in Fig. 15-21. 

First of all, only the cathode K, control-grid G ,, and grid Og a^ 
in the osclllatlon-produoing circuit. ,Grid 0| ia ordinarily the •@raa» 
(rridt but in this oscillator circuit a peeiMve potential is applied to H > 
and it acts as the ‘*plate'' of the triode which compr!.Ht*^« the oeclllator '' 

S ortion of the tube. A higher positive potential is also applUi' ; 

trough load resistor, B (which may be a choke instead!, to the el^ ' 
trode P of the tube. The electron stream between the cathode ani 
0g (which is really acting as a plate herC') varlet In accordant wilk 
the r-f oecillations set up in th® oscillatory circuit- SiiiOi thla gtkl,;::' 
is not solid like an ordinary plate’— it is really eomposed of a 
(or coarse coil) of fine wires; th<n*efore, since the elictrmia which 
are moving rapidly toward it from the cathode are also attracted 
by the strong positive charge on electrode P beyond It, many of th'Wi 
shoot through the op^ spaces in this grid, confcinuittg on their way 

f ast it to electrode IP, then around through B and the plate eircufi 
‘or a given fixed voltage applied to eliHjtrode F* the number of these 
electrons reaching It at any instant will be proportional to the muM- 
her which reach the "‘plate” electrode 0, at that instant* Therefore, 
the current in the F-electrode edreuit vari^ «actly In accordam^ 
with the cyclic changes of the oscillator current, that is, the fre- 
quency of the current in the F-electrode circuit is exactly the saw 
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as that of the current in the main oscillator circuit. Since this cur- 
rent flows through JB, a corresponding cyclic voltage drop is de- 
veloped across JR, and the output circuit may be connected across B 
(either directly, through a coupling transformer, or through a coup- 
ling condenser, C, as shown). 

It is evident that in the electron-coupled oscillator, the main 
oscillator circuit is really extended (or coupled) to electrode P 
(and the output circuit) through the medium of the electron stream 
which shoots through the meshes of electrode i.e., the output 

circuit is electron-coupled to the oscillator circuit. Hence, the name 
electroTir-coupled oscillator. It is important to note that any changes 
in the voltage applied to electrode P (or in the plate load R) cannot 
affect the frequency of the oscillations, since electrode P is not 
directly a part of the oscillating circuit. The increased stability and 
constancy of frequency which this results in, is the main reason for 
the use of this type of circuit in many of ^ the commercial test os- 
cillators used in radio service work. (The oscillators described in Arts. 
17-3, 17-4 and 17-9 employ this type of oscillator; a study of their 
circuit diagrams at this point in order to see how the electron- 
coupled oscillator arrangement is obtained, will prove beneficial.) 

There are but two places in the circuit of Pig. 15-21 where coup- 
ling other than electron coupling can exist: (J) from electrode P to 
grid inside the tube, because of the capacity between them; or (^) 
because of part or all of the load current flowing through part^ of 
the oscillatory circuit. The first possibility is taken care of by placing 
grid (t, at the same potential as the cathode; since it is interposed 
between P and Gjg, it effectively shields one from the other, reducing 
the actual capacity to nearly zero. , / 

The second condition is not so easy to minimize with the Hartley 
circuit. An examination of Fig, 15-21 will show that the cathode con- 


Fig. 15-22. — An 
electron-coupled oscil- 
lator with a tickler 
feedback arrange- 
ment. The oscillator 
is electron-coupled to 
the external circuit 
via the electron 
stream in the tube. 



nects to ground (P minus in this case) through part of the oscilla- 
tory circuit, Lp, This makes Lp part of the output load circuit, since 
all references in a tube are with respect to cathode, which in this case 
is not at ground potential. Hence, changes in load current will change, 
to a small extent, the frequency of the oscillatory circuit. By changing 
the form of the oscillator to a tickler feedback circuit, this latter 
objection is removed. The new circuit is shown in Pig. 15-22, For 
the sake of variation, a choke is shown in the plate circuit instead 
of a resistor; both work equally well. Notice that the third grid and 
the cathode are both grounded in this circuit. Inductance Lp and 
condenser C comprise the entire tuned circuit. 
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The frequency of oaciilafelon of thin tyw of oscillator can af- 
fected by coupling' oj0fects caused by poor shieldlnic of the third grid, 
no shielding near the tube socket, capacity between connecting ka^ 
etc. But aside from these extraneous eflTects, this form of oscillator 
is probably the most stable one known that Is not crystal or other- 
wise controlled* 

Tetrodes may be used in olectron-ciaiplod oscillator circuits, but 
the stability will not be as good as might is* dosiri'd, boaiuso of tee 
capacity-coupling between plate and screen griti. Filiuruuit-type tub«i 
may be used in dcctron-coupled oscillators, but that leg ot the fila* 
meat not connected to must have a choke in aeries with it in order 
to keep ite potential above ground when the Hartley arrangement Is 
used. No choke i» requirad if the circuit with the tickler arrange* 
ment is employed. . . ^ * * 

A little thought will make it apparent that the r-f output of tek 
type of oscillator can be modulated easily either by applying the 
modulating voltage to an additional suitable grid placed m the mlmy 
tron stream of the tub® (employing the principle of ‘klectron modu- 
lation” explained in Art. 15-26), or by applying the modulafcinir volt- 
age to the plate electrode P of the tube fas explained in Art. io-f5). 
An example of the use of the former system is presented by the 
oscillator described in Art. 17-11. the latter system is used In the 
oscillators described in Arts. 17-4 and 17-0. 

OSCILL. TANK OSCILL TANK OSOtt TANK 



Fig* 15*28.— -Several sknple output-level (attMutmtor) 
arra3agements for test oscUlatems. 


lS-32. Attenuators for Teat Oscillators. — the woillatcg 
is to be used to feed a signal to some sort of radio equipmenti 
such as a radio receiver, it is durable to have some mwms of 
varying file output voltage of the oscillator. The moat dWuabl# 
range of the output indicating device may thaoi be employed, 
and the output of the oscillator may be adjusted to the vidw 
best sedted for the desired test conditifw* This d^^t Im 
pecially important in cases wlwe the test oaelllaj^r is in 
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testing or aligning receivers employing automatic volume con- 
trol. To really line up avc circuits closely, it is necessary to 
be able to attenuate the signal of the test oscillator to a very 
low value at all test frequencies. This requirement calls for a 
good output voltage control on the oscillator. Any of the simple 
potentiometer control methods shown in Tig. 16-23 can be used 


Fig. 15-24. — A constant-imped- 
ance attenuator circuit. All three 
resistors are varied simultaneously 
by a single knob. A constant im- 
pedance is presented to both the 
input and output sides. 


R, ^ 


INPUT 


«1 


OUTPUT 


for this purpose, but they all have the disadvantage of present- 
ing a varying impedance to the terminals to which the test os- 
cillator is connected. How'ever, they are employed in m^y 
test oscillators, as we shall see in Chapter XVII. 

A discussion of the design of an attenuator (device that varies 
the output signal strength) that presents a constant im'pedance 
to the external circuit is beyond the scope of this book, although 
the general arrangement of such an attenuator is pictured in Fig. 
15-24. Three variable resistors are used, two of which, both 
labeled Ri, are equal at all times. This condition is secured by 
^ ^ganging'' the shafts of all three resistors. When the voltage at 
the “output^' terminals is to be increased, Ri is decreased and jB* 
increased at the same time. Furthermore, the decrease in jRj 
is compensated for by the increase in R*, so that the impedance 
looking into the in'put terminals always remains the same. Since 
both sdries resistors are the same and is common to both the 
input and output circuits, the impedance looking into the output 
terminals is also always the same. All three resistors are controlled 
by the same shaft and knob. 

A further advantage in the use of the constant-impedance 
type of attenuator is that it maintains the amoxmt of load on 
the tuned circuit constant with changes in its frequency 
setting, thus minimizing the amount of “frequency'' shift of the 
oscilator (see Art. 16-28).. 
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276 kc, 425 kc, and 600 kc. (6) Which are the “even” harmonics; 
which are the “odd” harmonics. 

12. What is meant by (a) “modulation”; (6) per cent modulation? 

13. Draw an illustration showing (a) a completely modulated high- 
frequency current; (b) a similar partly modulated current. 

14. Explain several common methods of modulation. 

16. Draw the circuit diagram for a typical plate-modulated oscill- 
ator and state the functions of each part. 

16. What is meant by the stability of an oscillator? 

17. (a) What is meant by “amplitude stability” of an oscillator? 

(b) What factors may aifect it in a practical oscillator? 

18. (a) What is meant by “frequency stability”? (b) What may 

cause a practical oscillator to be unstable in this respect ? 

19. What is an electron-coupled oscillator? 

20. What is meant by “electron coupling”? 

21. What are the advantages of electron-coupled oscillators over 
those employing ordinary methods of coupling? 

22. To obtain stability in an electron-coupled oscillator, what re- 
quirements must be satisfied? 

28. (a) How may the strength of the output signal of a modulated 

test oscillator be controlled? (b) What is the best form of 
control ? 

24. (a) Draw a circuit^<hngram of a constant-impedance attenuator. 

(b) Describe its collstruction, and state its advantages. 

26. When testing tubes by the “replacement method”, using a mod- 
ulated test oscillator and an output meter, you find that the meter 
needle shows a steady rise and fall at regular intervals when 
the original tubes are in the receiver, but shows a steady reading 
when one of the i-f amplifier tubes is replaced with a simUar 
new one. What would be your conclusion regarding the fault 
in this tube? 

26. Suppose you are making a stage-by-stage test on a super- 
heterodyne receiver by means of a test oscillator, in order to 
localize trouble. When the oscillator test lead is connected to 
the plate of the first i-f tube, the signal is heard in the loud 
speaker ; but, when it is connected to the plate of the mixer tube, 
the signal is not heard. What does this indicate regarding the 
location of the trouble? 
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276 kc, 425 kc, and 600 kc. (6) Which are the “even” harmonics; 
which are the “odd” harmonics. 

12. What is meant by (a) “modulation”; (b) per cent modulation? 

13. Draw an illustration showing (a) a completely modulated high- 
frequency current; (b) a similar partly modulated current. 

14. Explain several common methods of modulation. 

16. Draw the circuit diagram for a typical plate-modulated oscill- 
ator and state the functions of each part. 

16. What is meant by the stability of an oscillator? 

17. (a) What is meant by “amplitude stability” of an oscillator? 
(b) What factors may affect it in a practical oscillator? 

18. U) What is meant by “frequency stability”? (b) What may 
cause a practical oscillator to be unstable in this respect? 

19. What is an electron-coupled oscillator? 

20. What is meant by “electron coupling”? 

21. What are the advantages of electron-coupled oscillators over 
those employing ordinary methods of coupling? 

22. To obtain stability in an electron-coupled oscillator, what re- 
quirements must be satisfied? 

28. (o) How may the strength of the output signal of a modulated 
test oscillator be controlled? (b) What is the best form of 
control? 

24. (a) Draw a circuit^chagram of a constant-impedance attenuator, 
(b) Describe its construction, and state its advantages. . 

26. When testing tubes by the “replacement method”, using a mod- 
ulated test oscillator and an output meter, you find that the meter 
needle shows a steady rise and fall at regular intervals when 
the original tubes are in the receiver, but shows a steady reading 
when one of the i-f amplifier tubes is replaced with a simDar 
new one. What would be your conclusion regarding the fault 
in this tube? 

26. Suppose you are making a stage-by-stage test on a super- 
heterodyne receiver by means of a test oscillator, in order to 
localize trouble. When the oscillator test lead is connected to 
the plate of the first i-f tube, the signal is heard in the loud 
speaker; but, when it is connected to the plate of the mixer tube, 
the signal is not heard. What does this indicate regarding the 
location of the trouble? 
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is necessary for precision and convenience ; it is also necessary 
in service work for speed, accuracy, and convenience. True, the 
accuracy required is by no means as great in the service field as it 
is in the laboratory ; but a certain degree of accuracy, say, 1 % , 
is necessary. Furthermore, the customer usually pays for the time 
spent on a particular job, and it is only fair to the customer to 
do a certain amount of work in the least possible time* Stability 
of test equipment contributes largely to speedy service. Con- 
venience, of course, lends interest, and personal interest always 
leads to greater accuracy. 

The last two requirements, ruggedness and portability, must 
be satisfied when the oscillator is to be carried from place to 
place. When the equipment is to remain in one place it may be 
less rugged, and even bulky, as long as the first three require- 
ments are met. Service men, however, usually carry their equip- 
ment with them, and it is for this reason that these two features 
are mentioned. The construction of two test oscillators will now 
be described. The first one is for battery operation. The second 
one (Art. 16-7) is for a-c or d-c line operation. 

16-2. Constructing A Battery-Operated Test Oscillator.— 
Figure 16-1 shows the schematic circuit of a simple one-tube 
oscillator suitable for radio service work. It is designed to cover 
the band from 100 to 24,000 kc without the use of harmonics 
and without any gaps. This is accomplished by using five sep- 
arate coils and a single tuning condenser. Any one of the five 
coils may be switched into the circuit at will by means of the 
double-pole, five-point rotary switch composed of and 8%, which 
are ganged to a single shaft. Tuning is accomplished by means of 
the condenser Ct, and the output voltage is varied by means of 
the potentiometer JRp. 

16-3. The Circuit. — By imagining the switches to be set at 
any position and tracing the circuit, it will be found that it is 
of the electron-coupled type using the Hartley parallel-feed 
connection (see Art. 16-15). Although the tickler arrangement 
would place the rotary plates of Ct at ground potential and give 
slightly more stability, the circuit used here has several advan- 
tages from a construction standpoint. 

First, only a single coil is necessary for each band; second. 
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accuracy required is by no means as great in the service field as it 
is in the laboratory; but a certain degree of accuracy, say, 1%, 
is necessary. Furthermore, the customer usually pays for the time 
spent on a particular job, and it is only fair to the customer to 
do a certain amount of work in the least possible time. Stability 
of test equipment contributes largely to speedy service. Con- 
venience, of course, lends interest, and personal interest always 
leads to greater accuracy. 

The last two requirements, ruggedness and portability, must 
be satisfied when the oscillator is to be carried from place to 
place. When the equipment is to remain in one place it may be 
less rugged, and even bulky, as long as the first three require- 
ments are met. Service men, however, usually carry their equip- 
ment with them, and it is for this reason that these two features 
are mentioned. The construction of two test oscillators will now 
be described. The first one is for battery operation. The second 
one (Art. 16-7) is for a-c or d-c line operation. 

16-2. Constructing A Battery-Operated Test Oscillator. — 
Figure 16-1 shows the schematic circuit of a simple one-tube 
oscillator suitable for radio service work. It is designed to cover 
the band from 100 to 24,000 kc without the use of harmonics 
and without any gaps. This is accomplished by using five sep- 
arate coils and a single tuning condenser. Any one of the five 
coils may be switched into the circuit at will by means of the 
double-pole, five-point rotary switch composed of Si and Su, which 
are ganged to a single shaft. Tuning is accomplished by means of 
the condenser C*, and the output voltage is varied by means of 
the potentiometer Rp. 

16-3. The Circuit. — By imagining the switches to be set at 
any position and tracing the circuit, it will be found that it is 
of the electron-coupled type using the Hartley parallel-feed 
connection (see Art. 16-15). Although the tickler arrangement 
would place the rotary plates of C# at ground potential and give 
slightly more stability, the circuit used here has several advan- 
tages from a construction sta,ndpoint. 

First, only a single coil is necessary for each band; second. 
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one of the filament terminals may be placed at ground poten- 
tial, which will prevent radiation from the filament leads if they 
are outside the oscillator proper; third, the shield can may be 
groimded to the filament lead, which prevents coupling from 
these leads to the shield — an important consideration when the 



Fig. 16-l.-r-Schematic circuit diagram of an all-wave^ l>att»ry- 
operated electron-coupled test oscillator. Instructions for eonstruetmir 
and operating it will be found in the accompanying text. The same 
oscillator, arranged for line operation, is shown in Fig. 

hlament batteries are outside the oscillator proper or are placed 
close to the shield can inside the shield ; fourth, since the filament 
is tapped to the coil, there is little possibility of varying oalibra* 
tiom because of varying coupling between the plate and grid 
cmis, which might result if the tickler arrangement were nsed, 
since two coils per band would then be required. 

The tube selected is a type *S4 because it may be opiated 
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from a small 3-volt battery, and since it is a pentode it makes 
electron-coupling possible (see Art. 15-31). If the B batteries 
are placed within the shield can — as they should be — ^the choke 
RFC may not be required. However, if one is used, it should 
be placed close to the screen-grid terminal of the tube socket. 
The 16-ohm rheostat 12/ is used to shut the oscillator off and 
turn it on, and to adjust the filament voltage to the proper value 
before using. As mentioned previously, the output voltage is varied 
by means of the potentiometer Rp in the plate circuit of the tube. 
Of course, a more costly constant-impedance type attenuator 
may be used here instead, if desired. 

16-4. Coil Data. — Five coils are required to cover all the 
i-f and r-f bands used in commercial receivers today. They 
should be wound on a form 1^-inches in diameter, and placed 
as far from one another as possible. When wiring them to the 
grid terminals of the switch contacts, be certain to place the coils 
so that the leads from the grid terminals of the coils to the 
switch contacts are as short as possible — preferably no more 
than an inch or two in length. The table below gives the wind- 
ing data for all the coils: 


Winding Data for the Oscidlator Coins 


Coil No. 

Band 
(in kc) 

Number 
of Turns 

Wire size 
and insul. 

Tap from 
Bottom 

Li 

100-300 

600"" 

No. 32 enam. 
(112 T.P.I.)*** 

170 

La 

300-900 

226 

No. 32 enam. 

76 

Lg 

900-2,700 

46 

No. 32 enam. 

15 

L, 

2,700-8,100 

17 

No. 20 enam. 
(29 T.P.I.)^* 

5 

Lg 

8,100-24,000 

5.2 

No. 14 enam. 
(16 T.P.I.)** 

1.4 


*Coil form 2.6 inches in diameter* **TJP.I.=:Tums Per Inch. 

After the coils are woimd and tapped properly, they should 
be coated with a thin layer of collodion or similar substfmce to 
hold* the wir^ in place; After they have dried, it is wise to cobi; 
nect the mounting brackets (if used) to them. Test all cbils for 
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continuity after the brackets are mounted, as frequently short- 
circuits to the brackets occur, which prevents oscillation* Mount 
all the parts required, make the wiring short and direct, solder 
each joint so that it is both mechanically and electrically secure* 
16-5. Some Precautions in Construction. — ^Vi^hen wiring 
to the switch contacts, care must be taken to wipe every joint 
clean of soldering flux or rosin. While these substances are in- 
sulators of direct current and low-frequency alternating current, 



Fio. 16-2. — Switching system for short-circuiting on© unused 
oscillator coil for each band, to prevent absorption and possible in- 
operation of the oscillator. This should he substituted in the circuit 
arrangement of Pig. 16-2 if ‘‘dead spots'' are encountered. The five 
coils here correspond to those shown in Pig. 16-1. The connections to 
switch Sjj (not shown here) are the same as in Pig. 16-1. 

they leak quit© a bit at i-f and r-f. Electrical leakage between 
the coils will almost certainly make oscillation impossible. 

It may be found after operating the oscillator that, at a 
single spot on. the dial, oscillations cease. If the oscillator stops 
functioning at only one point in a given band, it is an indication 
that one or more of the unused coils are resonating at the fre- 
quency at which oscillations stop. Means must then be taken to 
prevent the absorption of energy by the unused coils. This 
may be done in two ways: (1) revise the electneal connections 
so that one or more of the unused coils are short-circuited auto- 
matically with the same switch used to change wave bands; or 
(2) thoroughly shield one coil from another, so that there can 
be no transfer of energy from one to the other. 

If the first remedy is to be employed, the circuit change shown 
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in Fig. 16-2 is recommended. It consists of an additional switch 
Ss ganged to Si and Sg and connected as shown. At any posi- 
tion of the switches, the next larger coil is short circuited. It is 
not necessary to short-circuit all the coils not used, because it is 
usually only a single coil that is causing the trouble. However, 
if desired, still another deck may be added to the switch to short- 
circuit two unused coils. It is best first to construct the oscillator 
without the short-circuiting arrangement and try it. If absorb- 
tion is encountered, simply add another deck to the switch and 
change the switch wiring to that shown in Fig. 16-2. Deck 
switches are usually constructed so that they may be easily 
enlarged by the addition of more decks. 

If shielding is to be resorted to for the solution, then each 
coil should be separated from the adjacent one by a com'plete 
shield. Under these conditions, it is usually necessary to change 
the entire layout of the oscillator in order to fit the shields. 
Incidentally, the diameter of each shield can (if cans are used) 
should be at least twice the diameter of the form on which the 
coils are wound. If shielding is obtained merely by placing 
metal barriers between the coils, then the barriers should be 
spaced a distance equal to at least twice the coil-form diameter. 

The tuning condenser Ct is above ground potential. There- 
fore, it cannot be groimded directly to the shield can which 
houses the oscillator. This may give rise to what is known as 
hand-capacity effect. If the hand or any other part of the 
human body is placed in the vicinity of any part of a tuned cir- 
cuit, the natural frequency of that circuit is changed. The 
change in frequency is greater when the part of the oscillator 
near the hand is further above (or below) groimd potentiaL 
Ground potential is the potential of the earth or any other very 
large mass. Practically, this means that if the hand is placed 
near the tuning condenser in order to tune it, the frequency of 
the oscillator will change, especially in our case when the con- 
denser is above groimd potential. To minimize this effect, it is 
necessaiy that the condenser be mounted near the center of the 
oscillator shield box, and as far away as possible from all sides 
of the box. The shaft may then be extended to the dial by 
means of a bakelite, or similar composition, rod. Hand-capacity 
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effects will then be very small, because the front panel, which 
is grounded, is between the hand and the condenser. 


16'-6. Testing the Oscillator. — After the oscillator is fin- 
ished, it should be turned on and tested by listening to 
it . on a good all-wave receiver. The low-frequency coils 
may be tested by bringing a lead from terminal A of the oscilla- 
tor to the grid cap of an i-f amplifier tube in a superheterodyne 
receiver. Rotating the condenser will change the frequency until 
a point is reached where the oscillator will operate at the i-f 
used in the receiver, at which time it will be heard. The object 
of testing the oscillator over its entire operating range is to make 
certain that there are no breaks, dead spots, etc., over the entire 
range of the instrument. 


\1 mentioned in Art. 15-23, no audible note can be heard 

an unmodulated oscillator. For this reason, it is desirable 
^to provide some means for modulation. The simplest method 
is to make the grid leak variable from 0.5 to 5 megohms, which 
wiU provide a variety of audible tones. For the alignment of 
tuned circuits, the leak should be adjusted for no modulation, 
else the radiated wave will be too broad for any accurate use. 

turn on the modulation for picking up the signal ; once 
obtained, turn the modulation off. Another thing to be oareM 
of is the change in calibration with the use of self -modulation. 
The scale as calibrated for modulation is different from that ob-. 
tained for no modulation. 

When^ the oscillator is hrst turned on and tuned in on a 
receiver, it will be found that, for the same setting of the oscill- 
ator, it can be tuned in at different points on the receiver, these 
points bemg very close to one another. This is due to the fact 
that the oscillator tube— and perhaps the tubes in the receiver 
has not heated up properly. Always allow the oscillator to 
wara up for a few minutes before attempting to use it. 

If, after a half hour or so of operating the oscillator, you are 
certain that It is functioning properly on all bands, you are ready 
for calibration. This will be explained in Arts. 16-12, 16-13, etc. 

Operating the Oscillator from a D-C or A-C Line 

The escalator we have just described may be operated from a 
d-e or an a-c line by the addition of a rectifier tube. Of mmse 
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it is possible to use a-c on the plate, grid and filament of the 
oscillator as it stands, but then the output is modulated at the 
frequency of the supply line (usually 60 cycles) and is i/ery 



broad^ — certainly too broad for accurate alignment purposes. 
Consequently, several minor changes are necessary. The os- 
cillator tube should be replaced by a type *57 or '68 tube, other- 
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wise the a-c through the filameat will modulate the output. The 
schematic circuit with all electrical values for the power system, 
and the connections for the type '57 or '58 tube, is shown in Mg, 
16-3. 

The circuit is essentially the same as the battery-operated 
version shown in Mg. 16-1, with the exception that a cathode- 
type tube is used instead of a filament type. The oscillator 
should be thoroughly shielded, and the power unit placed to one 
side of the shield can. The only additional precaution to be 
taken is to ground the shield can through a 1-mfd. copdenser. 
Do not apply the ground connection directly, as there is a posst- 
bility of blowing the line fuse if it is inserted into the line socket 
in the wrong way. 

Many experienced service men will recognize the power cir- 
cuit as being of the ''universal" a-c — d-c type. That is, the os- 
cillator will function regardless of the type of power line used. 
If it is a-c, the 25Z6 rectifier will rectify it to d-c; if it is d-c, the 
plug should be inserted so that the plate lead (of the rectifier) 
connects to the positive side of the line. It is not necessary to 
test for correct polarity on d-c lines, as the oscillator will func- 
tion only with the plug in one direction. If it does not work one 
way, reverse the plug. 

The bleeder resistor Rj, is a 10,000-ohm, 10-watt fixed re- 
sistor of the uninsulated type with two variable clamps on it. 
One of these clamps connects to the r-f choke in the screen grid 
circuit, and the other connects to Rp for the plate voltage ad- 
justment. With the tube oscillating, adjust these taps so that 
the screen voltage is 45 volts and the plate voltage is about 90 
volts. 

The coil data and construction details given for the battery- 
operated type hold also for this oscillator, and the oscillator 
should be checked for dead spots in the same manner as previous- 
ly described^ in Art. 16-5. When everything is working norm- 
ally, the oscillator should be calibrated. 

16 - 8 . What "Calibration" Means.--. The term "to calibrate" 
has two different meanings, depending upon the nature of the 
work. If a scale is divided into any given number of arbitrary 
parts, and the abaolvte value of each part is to be determined, 
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then the scale is to be calibrated. The Fahrenheit thermometer 
is divided into 180 even parts, starting at 32 and ending at 212 
(this range of the thermometer reads from the melting point of 
ice to the boiling point of water). Now each division on the 
scale has no meaning in itself; it is only when each division is 
marked according to temperature that it takes on significance. 
Thus, the fifth division is nothing but a fifth division until it is 
calibrated and given an absolute number of S7 degrees Fahrenheit. 
In this sense, calibrating a scale means giving each, or a selected, 
part of the scale an absolute value. It is in connection with 
this meaning that we shall use the term calibrate when referring 
to oscillators. 

However, the term “calibration^^ is used in still another sense. 
A scale may be calibrated, but the calibration may be suspected 
of being in error. The procedure, then, is to check the calibration 
of the scale by some means or other in order to rectify any error 
in the existing calibration. The process of rectifying the errors is 
also commonly called “calibration". A voltmeter, for instance, has 
a direct-reading scale from 0 to 150 volts. The 150- volt mark 
must be checked, for, as pointed out in Art. 2-41, the accuracy 
of a meter is a given percentage of the jull-scale reading. The 
process of comparing the full-scale reading with a standard volt- 
meter reading is often called “calibration," even though the volt- 
meter has been calibrated before. In order to differentiate be- 
tween the two meanings, we will refer to the first as calibration, 
and to the second as checking. 

Finally, there are two types of calibrations, direct and indirect. 
A directly calibrated instrument is one in which the absolute 
values are read directly on the scale of the instrument; and an 
indirectly calibrated instrument is one in which arbitrary grad- 
uations of a scale are referred to some other chart or scale to 
obtain the absolute value of the quantity desired. Both direct 
and indirect calibrations are used in radio equipment. 

16-9. Calibration is Really a Comparison. — For our pur- 
pose, a calibration is nothing more than a comparison. When 
an oscillator is to be calibrated, we mean that it is to be cona- 
pared with some other instrument which will give us absolute 
frequency values. If a wavemeter is available, the readings of the 
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oscillator are compared with the corresponding frequency read- 
ings of the wavemeter. If a standard radio signal is available^ 
the reading of the oscillator is compared with the frequency of 
the signal. And, if a calibrated radio receiver is on hand, the 
readings of the oscillator may be compared with the calibration 
of the radio receiver. 

This idea of comparison emphasizes a very important point 
in connection with all forms of empirical calibrations. If a 
calibration is a comparison, then the accuracy of the final cali- 
bration cannot be greater than the accuracy of the device against 
which the comparison is made. If the accuracy of calibration 
of a wavemeter is 2%, and if an oscillator is compared with 
this wavemeter, the oscillator readings cannot be more accurate 
than 2%. Many people are under the impression that if a 
standard (that which the unknown is compared against) is ac- 
curate to, say, 6%, then it is possible for some inaccuracy in 
the oscillator to be calibrated to compensate for all or some of 
this 5 % , and thus secure a calibration more accurate than the 
standard. 

But the point is that one never knows how much of the 
5% applies at any given setting and w-hether the 5 % — or part 
of it — adds to the reading or subtracts from it. The net error 
would be known if we knew how much and in which sense the 
wavemeter error is. But if we knew which way and how much 
the wavemeter error was, then it would really have no error at 
all, because we could immediately apply it as a correction to 
every reading of the wavemeter I 

These points have been emphasized before going into the 
a^ual calibration of the oscillator in order to point out the neces- 
sity for care in performing the calibration. 

16-10. Methods of Calibrating Test Oscillators. A 

simple and accurate method of calibrating an oscillator is to con- 
nect it up for operation and place the coil of a calibrated wave- ' 
meter close to a coil connected to the oscillator output terminals. 
The reading of the wavemeter for the setting which gives maxi- 
mum indication, is the frequency of the oscillator. A wavemeter 
is nothing but a coil, condenser, and indicating device, so con- 
structed that its coil may be placed close to the circuit is 
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to be calibrated; the remaining part of the wavemeter is shielded. 
A diagram of such a device is shown in Fig. 16-4. To be suit- 
able for use, the wavemeter must have been already calibrated. 
Since a wavemeter is not generally considered a service instru- 
ment, no further discussion of its use will be presented here. 

The second method of calibration involves the tuning in of the 
signal on a radio receiver which has been calibrated previously. 
The reading of the dial of the radio set where the oscillator is 
tuned in is noted and compared with the calibration of the re- 


Fig. 16-4. — Schem- 
atic circuit arrange- 
ment of a simple 
wavemeter. The re- 
sonance point is in- 
dicated by maximum 
current indication on 
the galvanometer. 


^^LOW RESISTANCE 

/a-c galvanometer 



WAVEMETER WAVEMETER — 

COIL TUNING CONDENSER 


ceiver. The use of this method necessitates several precautions. 
First, the range of the receiver must be within the range of the 
oscillator, otherwise it is impossible to tune in the oscillator sig- 
nal. Second, the operator must be sure that he is not tuning 
in a harmonic of the oscillator; the amount of error involved 
here is considerable. 

The third method of calibration, and the one most suitable 
for the service man, involves the use of the harmonics of the 
oscillator and is the method to be given detailed study in the 
following sections of this chapter. 

16-11. Some Characteristics of Harmonics. — As discussed 
in Arts. 15-18 and 15-20, any oscillator with distorted plate 
current will generate harmonics. A ‘‘harmonic^’ of a funda- 
mental frequency is a multiple of this frequency, having a value 
of two, three, four, etc. times the fundamental, depending upon 
its order. This is another way of saying that the difference be- 
tween any two successive harmonics (or the fundamental and 
the second harmonic) is equal to the fundamental frequency. 
Thus, suppose the fundamental frequency of an oscillator is 
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125 kc; the harmonics would be 250, 375, 500, 675, etc. kc; and 
the difference between any two successive harmonics is 125 kc. 
This is shown in the following table. 


Fundamental 

125 

kc 

2nd 

Harmonic 

250 

kc^ 

3rd 

Harmonic 

375 

kc^ 

4th 

Harmonic 

500 

kc^ 

5th 

Harmonic 

675 

kcJ 


Difference 
-.„.125 kc 
-...125 kc 
—.125 kc 
—125 kc 


The fact that the difference between a given harmonic and 
the following harmonic is equal to the fundamental frequency of 
the oscillator, is the basis of the method of calibration about to 
be described. 

As the order of the harmonic in use increases, the accuracy 
of the harmonic remains the same, although the absolute error 
in kilocycles increases. For instance, suppose that an oscillator 
has a fundamental frequency of 100 kc and has strong harmonics 
up to the fourth; further, suppose that the 100 kc is accurate to 
1 % ; this means that the actual frequency is between 99 and 
101 kc, a maximum deviation of 1 kc either way from the stated 
value. The second harmonic would have a stated frequency of 
200 kc, and it, too, would be accurate to 1 % ; the actual fre- 
quency in this case would lie between 198 and 202 kc. The max- 
imum possible deviation is 2 kc either way. In a similar manner, 
the third harmonic would be 300 kc, and its maximum deviation 
would be 3 kc. either way. The fourth harmonic would have a 
maximum deviation of 4 kc, either way, from the stated value. 

The point to be emphasized is that the yer cent accuracy is 
still 1 % for any harmonic, but the error in kilocycles increases. 
In fact, the accuracy of the fundamental (expressed in kc) mul- 
tiplied by the order of the harmonic (second, third, etc.), is equal 
to the error of that harmonic in kc. Thus, if the 28th harmonic 
of an oscillator is to be used (not uncommon in certain forms of 
radio work) , the possible error of the harmonic frequency in kc is 
twenty-eight times that of the error of the fundamental. When 
high-order harmonics are used therefore, more exa;ct calibration 
is required than is the case when only low-order htarmonics are 
employed. 
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If the fundamental tone of a harmonic is modulated by a 
400-cycle audio note, then any of the harmonics will be mod- 
ulated by that same 400 cycles. In other words, even though 
the frequency corresponding to the harmonic in use is greater 
than that of the fundamental, the frequency' of its modulations is 
the same as the frequency of the modulations of the fundamental. 
Therefore, the fourth harmonic of a 100 kc signal modulated at 
200 cycles is a 400 kc signal modulated at 200 cycles, etc. 

16-12. Calibrating the Receiver. — Since a calibration is a 
comparison, then the oscillator to be calibrated must be com- 
pared against something that is already calibrated. The most 
convenient piece of apparatus that can be accurately calibrated 
is a radio receiver, and we will base our measurements on the 
use of such a device. The receiver should preferably be of 
the t-r-f type, as a superheterodyne gives rise to image response 
and undesired beats between the set oscillator and its harmonics, 
and the harmonics of the oscillator to be calibrated. If a super- 
heterodyne must be used, then it should be thoroughly shielded 
and have one, or preferably two, stages of tuned radio frequency 
ahead of the detector. 

Now, the usual type of broadcast receiver can tune easily 
from about 600 to 1,600 kc, and the first thing to be done is to 
calibrate the receiver. If the dial is divided into 100 divisions, 
it is desirable to get a calibration point on at least every 10 
divisions. Some dials have more than 100 arbitrary divisions. 
It makes little difference, as about ten stations, evenly dis- 
tributed, must be obtained. The more modern sets are already 
calibrated in kilocycles, but the calibration should be checked 
in exactly the same manner used to calibrate a receiver with 
an arbitrary scale, for the receiver dial calibrations are often 
inaccurate. 

Tune the receiver to about 96 on the dial (or tune it to 
96% of the top mark) and tune in a station carefully. Note 
its call letters and look up its frequency in your local news- 
paper since broadcast stations in this country must keep within 
50 cycles of their assigned frequency, they are sources of extreme- 
ly accurate standard signals. A station in the middle of the band 
may have a frequency of T, 000 kc, and, if it must keep within 
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60 cycleB of this, it has an accuracy of 50 parts in 1,000,000, or 
1 part in 20,000 (0.005 per cent). It is best to time in the sta- 
tion between selections, when there is no one on the air, because 
an unmodulated carrier is much sharper than a modulated 
carrier. Once it is tuned in, jot down the frequency of the sta- 
tion and the exact reading of the broadcast receiver dial. 

Then tune the receiver to about 90 on the dial and try to 
tune in another station in that vicinity. It is not at all neces- 
sary to get a station at exactly 90; it may be between about 
87 and 93 just as well. Tune it in carefully and listen for the 
station announcement. Look up the frequency and again jot 
down the receiver-dial reading and the frequency of the station. 
JRepeat this procedure for about every ten degrees of the dial. 
Gf course, if more than 10 stations can be received, so much the 
better, but the object is to get at least 10 stations evenly dis- 
tributed over the dial. 

When you have finished, go over them again to check over 
your work. It must be remembered that the accuracy of the 
final result cannot be any more accurate than the calibration 
of the receiver. The broadcast stations are accurate enough; 
it will be, in all probability, the exactness of your work that will 
determine the final accuracy, 

16-13. Drawing the Calibration Curve. — ^Upon the com- 
pletion of the listing of the stations, the next step is to draw 
a calibration curve. If you have but ten stations, the listing 
is good for those ten only, and some means must be available 
for determining the frequency corresponding to points on the 
receiver dial other than those ten. It is for this reason that 
a calibration curve is drawn. 

Procure a sheet of cross-section paper having about ten 
divisions to the inch; the size of such a sheet is, say, about 
5 X 10 inches. Keep the 5-inch side horizontal. On the 10-inch 
side, label the top horizontal line 500 (or else the lowest fre- 
quency to which the receiver tunes) and mark off every ten 
divisions. Thus, the horizontal lines will be divided into 10 
equal parts, the first being labeled 600, the second, 600; the 
third, 700, etc. In a similar manner the vertical lines should 
be divided into 10 equal spaces, labeled evenly from 0 to 100, ^ 
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The final sheet will then be marked in accordance with the 
ruled lines and scales on the typical graph of Fig. 16-6. 

For every point calibrated, there is a location on the curve 
such that a horizontal line through the point meets the fre- 



Fig. 16-6. — Calibration curve for a broadcast receiver. It 
the frequencies in kc corresponding to the various settings of the 
tuning dial — and the dial settings at which various stations are 
received. 

quency of that station and the vertical line through the point 
corresponds to the dial setting of the receiver. Locate the points 
and draw a smooth curve through all the points. If the conden- 
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sers used in the receiver are of the straight-line-frequency type 
the curve will be a straight line; if they are of the straight-’ 
line-wavelen^h or straight-line-capacity type, the curve will 
not be straight. In all cases, though, a smooth line should be 
dra^ through all the points. The particular receiver corres 
ponding to the curve shown in Fig. 16-5 employed straight-line- 
l3e XL kT® condensers and tuned to below 600 kc and 

Oscillator.— When the receiver has 
been calibrated as described, you are ready to calibrate the 
o.o.ll.tor. Tumil on) .nd alW to 



Fig. 16 - 6 . — Connee- 
tion of the test oscil- 
lator to the broadcast 
receiver for calibra- 
tion. 
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teenth. If you know that the oscillator fxindamental is about 
100 kc and that the signal is tuned in near the top end of the 
receiver scale (lowest frequency), then, by referring to the re- 
ceiver calibration chart, the frequency corresponding to the 
point where the signal is tuned in may be read. Dividing this 
frequency by 5 gives the fundamental frequency of the oscillator. 
Eor example, suppose that at 82 on the receiver dial, some har- 
monic of the oscillator is being heard. The calibration chart of 
the receiver tells us that 82 corresponds to a signal of 540 kc. 
And if we know that the fundamental of the oscillator is about 
100 kc, then we must be hearing the fifth harmonic, in which 
case the fundamental of the oscillator is 540/5 = 108 kc. On a 
sheet of paper, the dial setting of the oscillator and the frequency 
corresponding to it as determined are jotted down. 

If the same oscillator fundamental is tuned in at any other 
part of the dial, say at about 26, the fundamental may be 
determined in exactly the same manner. On the receiver dial 26 
corresponds to a frequency of 1,272 kc. If we know that the 
oscillator is working at about 100 kc, then we must be hearing 
the twelfth harmonic, and the fundamental must be 1,272/12 = 
108 kc. In other words, because of the low frequency of the 
fundamental and because of the wide frequency range of the 
receiver, about ten different harmonics may be tuned in. 

This method of calibration is based on the knowledge of 
the approximate fundamental of the oscillator and a knowledge 
of the harmonic heard. But to the inexperienced service man, 
this knowledge is not always available. However, another sys- 
tem may be used which pre-supposes no approximate knowledge 
at all. This will now be described! 

16-15. Calibrating the Test Oscillator by the “Difference” 
Method. — It was pointed out in Art. 16-11 that the difference 
between any two harmonics is equal to the fundamental fre- 
quency. Thus, if any harmonic of the oscillator is tuned in 
on the receiver, and then the next highest or lowest harmonic 
is tuned in, the fundamental frequency of the oscillator is the 
difference in frequency corresponding to the two settings of the 
receiver. 

For example, suppose that the oscillator is connected to the 
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receiver as described, and a harmonic is tuned in at 50 on the 
dial. On the receiver dial 50 corresponds to 972 kc. The oscill- 
ator is left alone, and the receiver dial is rotated slowly to the 
next point at which the oscillator harmonic can be heard. Sup- 
pose one can be heard at 57.5 on the dial, corresponding to a 
frequency of 864 kc. The difference between 972 and 864 is 108- 
kc, the fundamental frequency of the oscillator at the point at 
which it is set. 

This method of calibration is known as the difference 
method, because the difference between two readings is ob- 
tained. It is to be preferred over the method of division because 
less information is pre-supposed and because the fundamental 
may be checked again and again by tuning in different har- 
monies over the scale of the receiver. 

During this* time, but one point on the oscillator has been 
calibrated. In order to obtain sufficient points for a given coil,, 
it is necessary to repeat the operations for at least ten evenly 
spaced points on the oscillator dial. When finished, a tuning curve* 
similar to that of the receiver (Fig. 16-5) should be drawn from 
the readings obtained. 

This point will be valid for position 1 of the switch, and 
must be repeated for position But in position $ only the- 
fundamental of the oscillator can be tuned in, using one part of 
the oscillator scale, and harmonics on the other. 

The fundamental of the oscillator on position B is fromi 
300 to 900 kc, approximately. The 300 kc fundamental pro- 
duces harmonics of 600, 900, 1,200, and 1,500 kc, which cam 
be tuned in on the broadcast receiver because they lie withhii 
the tuning range of the receiver. When the oscillator is set to,, 
^y, 800 kc, the fundamental will be tuned in, but it is not 
possible to tune in any of the harmonics of the oscillator because- 
the lowest-order harmonic, the second, is 1,600 kc, which ia 
outside the tuning range of the receiver. You will know wheni 
you reach this point because the oscillator will be tuned in at 
only one point in the receiver. And these ‘^one-spots*' are the- 
fimdamental frequencies of the oscillator. Theoretically, if the- 
receiver tunes otay from 500 to 1,500 kc inclusive, a 499 ke 
fundamental from the oscillator can be tuned in at onl^r 
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two points — at 998 kc (corresponding to the second harmonic) 
and at 1,497 kc (corresponding to the third harmonic). 

At 500 kc, just about three points are available — 500, 1,000, 
and 1,500 kc; at 510 kc fundamental, two points are available, 
510 and 1,020 kc; at 750 kc fundamental, two points are avail- 
able, 750 and 1,500 kc. But only one point can be tuned in 
when the fundamental oscillator frequency is between 751 and 
1,500 kc. 

The rule to remember is that when two spots are available, 
the ^'difference^^ method should always be used; when only one 
spot is available, that frequency corresponding to the single 
spot is the fundamental of the oscillator. 

In this manner oscillator frequencies up to 1,500 kc may be 
tuned in on the receiver, and points of the oscillator scale 
can be given absolute values. But part of band S of our os- 
cillator is above 1,500 kc, and thus cannot be tuned in on the 
receiver. Oscillators do not generate frequencies lower than the 
fundamental — ^the fundamental is the lowest frequency. 

16-16* Calibrating the Higher Frequencies. — ^Up to this 
point, all of the positions 1 and ^ of the switch have been 
calibrated. A separate curve should be drawn for each of these 
positions in a manner similar to that described for the broad- 
cast receiver. Only part of the third position has been cali- 
brated because of the limitations of the broadcast set. In order 
to calibrate the third and remaining oscillator bands, a short- 
wave (or all- wave) receiver must be available. 

It is not necessary to calibrate the short-wave receiver care- 
fully. Such a calibration may be made, but the number of 
accurate stations available are not nearly as great as on the 
broadcast band, and for this reason some other means must be 
resorted to. If two of the oscillator sections have calibration 
curves, they may be used to obtain the curves for the remaining 
three bands. 

Most all-wave and short wave receivers have some sort of 
calibration. As long as it is suflGLciently accurate to give one an 
idea of approximo^tely what frequency the receiver is being 
tuned to, it is suitable. The procedure for calibration is now as 
follpwf: 
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Set the oscillator switch on position ^ and generate a fun- 
damental frequency of, say, 850 kc. The harmonics will then 
be 1,700, 2,550 etc., kc. Tune the receiver to approximately 
1,700 kc and then tune more carefully until the oscillator can 
be heard. If the fundamental of the oscillator is 850 kc, the 
signal heard will be 1,700 kc. Leaving the receiver alone ^ turn 
the tap switch on the oscillator to position 5, and turn the dial 
until the signal is heard again. The oscillator will now be gen- 
erating a frequency of 1,700 kc. It cannot be any other frequency 
because there is no other fundamental on this position that will 
give a harmonic of 1,700 kc. That setting of the oscillator on 
position 3 corresponds to 1,700 kc. 

Suppose that the next calibration point is 2,000 kc. Set the 
oscillator again to position 2 and tune to a fundamental of 
500 kc, the highest frequency in this band generating a fre- 
quency whose harmonic is 2,000 kc. The fourth harmonic will 
be 2,000 kc, and may be heard by tuning it in on the receiver. 
The fundamental of 2,000 may be found by again setting the 
switch in position S and tuning until it is heard. Since the 
third position covers the range from 900 to 2,700 kc, there is 
but one frequency in this band that can produce a harmonic 
of 2,000 kc, and that is 1,000 kc. But the dial reading of the 
oscillator for the 1,000 kc fundamental will be near one end, 
while we know that the setting for the 2,000 kc fundamental 
should be near the center; in this manner the proper setting 
may be selected. This procedure is continued, always using the 
calibrated readings of the previous switch positions, until all five 
bands are covered. When completed, five sets of curves will be 
had, one for each band. These curves will correspond to the 
fundamentals of the frequencies generated. 

16-17. Use of Harmonics vs. Fundamentals. — ^The ques- 
tion may be raised that, if the oscillator produces harmonics 
strong enough for use in calibration work, why cannot they be 
used in regular service work? If they are used, only one, or 
possibly two coils will be required. The answer is that it is per- 
fectly possible to use the harmonics of the fundamental, but 
the point is that, unless considerable experience is had, it la 
difficult to differentiate between one harmonic and the other. 
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It is true, of course, that the fundamental is far stronger than 
any of the harmonics, and that the strength of the harmonics 
decreases as the order of the harmonic increases, which may 
serve as a guide in some tests. But the fact remains that the 
use of fundamentals obviates the necessity for computation; 
and, when the dial of the oscillator is set for 18,700 kc, it is the 
fundamental that is being used, not some harmonic of some 
other fundamental. However, to an experienced service man, the 
use of harmonics have the advantage of simplifying the con- 
struction of the oscillator. In any event, the use of fundamental 
frequencies alone gives a more constant output. Opinion on this 
point seems to be well divided. 

The use of the test oscillator in radio service work will be 
treated in Chapters XXIV and XXV. 

REVIEW .QUESTIONS 

1. What are the requirements of a service test oscillator? 

2. Discuss each of these requirements in detail. 

3. Draw a circuit diagram of an electron-coupled test oscillator 
and explain the function of each part. 

4. What precautions must he observed in building a service test 
oscillator? 

5. (a) What is meant by ^Mead spots”? (b) How may they be 
eliminated? 

6. (a) What is meant by hand-capacity effect? (h) Explain two 
methods of eliminating it. 

7. May an oscillator be operated with a-c applied to the plate and 
filament? Explain! 

8. Is a-c applied to the plate and filament of an oscillator desir- 
able for alignment purposes? Why? 

9. What is meant by calibration? 

10. How many types of calibrations are there, and when is each 
used? 

11. What limits the accuracy of calibration? Explain! 

12. What are the three methods of calibrating a test oscillator? 

13. What is the basis of the method of calibration described in 
detail in this chapter? 

14. Does the accuracy (expressed in kc) of a harmonic decrease 
with the order of the harmonic? Explain! 

16. How would you go about calibrating the tuning dial of a broad- 
cast receiver? 

16. What is the advantage of drawing a calibration curve of a 
receiver for test purposes? 

17. Explain in detail how you would go about calibrating a test 
oscillator by the harmonic method, using a calibrated receiver 

18. What is the “difference” method of calibration? Explain! 



CHAPTER XVII 

TYPICAL COMMERCIAL TEST OSCILLATORS 


17-1. Introduction. — It is the purpose of this chapter to 
present descriptions of several representative commercial ser- 
vice test oscillators of different t 3 rpes which have been devel- 
oped especially for radio service work. We will see how manu- 
facturers have met the requirements for test oscillators able to 
perform satisfactorily under modem servicing conditions. This 
study will also add to our academic knowledge of oscillators 
obtained in Chapter XV, a wealth of practical information which 
can only be obtained by a thorough study of representative 
commercial instruments. The use of test oscillators in alignment 
work will be studied in Chapters XXIV and XXV. 

Service oscillators have undergone radical changes in design 
during the past few years because of the large number of short- 
wave and all-wave receivers in use. The popularisation of all- 
wave receivers for the home has naturally resulted in the neces- 
sity .for a great deal of alignment work on them. This work 
requires the use of test oscillators capable of producing suffi- 
ciently strong signals of a wider range of frequency (as high as 
30 megacy^es) than has ever been necessary in radio service 
work before, since it is necessary to produce every common 
short wave, intermediate and broadcast frequency employed. 

The almost universal use of automatic volume control on 
modmn receivers has made necessary a special refinement in 
the service test oscillator. Previous to the use of avc, tiie “at- 
tenuator” was simply a handy device that was used to lower 
the output of the oscillator; with present receivers, it has become 
an important control— important because the threshold at which 
avc action starts varies with different receivers; and for some 
test purposes, as we shall see,, it is essential that the output of 
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the oscillator be kept very low, and within very close limits. 

The use of harmonics for obtaining the very high frequencies 
required for the aligning of all-wave receivers is used to some 
extent, although the trend is toward the use of a complete range 
of fundamentals, from the lowest to the highest frequencies re- 
quired. Harmonics, of course, are also available from these 
same units, although the strength of any harmonic is always 
less than that of the fundamental (see Arts. 15-21, 16-11 and 
16-17). 

Modulation of the test oscillator signal is now being more 
generally accomplished by the Heising circuit (see Art. 16-25) 
using a separate modulator tube. This represents a decided 
<change from test oscillators of a few years ago. As was 
ishown in Chapter XV, Arts. 16-27 and 15-28, self-modulation 
-of an oscillator is usually accompanied by a change in the fun- 
damental frequency of the oscillator when the modulation is 
turned on and off. This effect is entirely eliminated when a 
separate modulator tube is used. All these points will be appar- 
*ent as the following descriptions of representative commercial 
test oscillators are studied. 

17-2. ‘^Burton- Webber** Model 10 Oscillator. — ^Figure 17-1 
ahows an external view of the Burton-Webber Model 10 all- 
wave oscillator which incorporates many of the features men- 
tioned in the introduction to this chapter. Its schematic cir- 
cuit is shown in Fig. 17-2. This diagram shows that two type 
^30 tubes are employed, one as an oscillator and the other as a 
iseparate modulator. The oscillator is battery-operated, employ- 
ing one 4:^-volt C battery for filament supply and one 22%- 
volt B battery for plate supply- These batteries fit into the 
oscillator cabinet. 

The oscillator section uses the tickler feedback circuit dis- 
•cussed in Art. 15-11. Proper bias is obtained through the use 
of grid leak Rs grid condenser C4. The frequency range 
of the instrument is from 90 kc to 26 mo (megacycles), in eight 
Afferent bands, the range of each band being as follows: A, 
‘90-14© kc; B, 140-300 kc; C, 300-650 kc; D, 650-1660 ko; 
E, 1.65-3.6 me; F, 3.6-6,6 me; (7, 6.5-13 mo; H, 13-25 me. 
night separate grid circuit tuning coils and eight tickler eoils 
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are employed in connection with a 3 -section range switch to 
provide these eight frequency bands. The connections of the 
grid and tickler coils used for each of these bands are shown in 
the schematic diagram. The row of C 7 condensers shown in the 
upper right-hand part of the diagram are used for individual 
calibration of each band, and a fixed series padder, Cg, is used 
in conjunction with the main tuning condenser to facilitate 
tracking over the dial. The plate of the oscillator tube con- 
nects to the attenuator, through a fixed condenser 0$. 

A Hartley a-f oscillator circuit (see Art. 16-16) is employed 
with the modulator tube to generate a 400-cycle note, which mod- 



Fig. 17-1. — Exterior 
view of the all-wave bat- 
tery-operated test oscilla- 
tor whose schematic cir- 
cuit diagram is illustrated 
in Pig. 17-2. The largo 
dial face with the scales 
for the various frequency 
ranges can be seen plain- 
ly. The frequency range 
switch is at tne lower left 
and the attenuator control 
is at the right, (Model 
10 .) 


Oovrte^ Earl Webber Oo, 


ulates the carrier of the oscillator tube about 35%. The modu- 
lation choke has a tapped winding which enables it to be used 
also as -the oscillator coils of the modulator tube, and the B plus 
is fed through the center tap of the choke. This means that the 
modulator grid portion of the choke is in series with the oscil- 
lator plate circuit, and it is in this fashion that modulation 
occurs. Since the modulation choke is center-tapped, there is 
no d-c potential difference between its outside terminals, al- 
though, of course, they are at different 400-cycle potentials. 
This condition makes it possible to take the voltage drop across 
the choke and lead it out for possible external use. Two pin 
jacks Ti and Tg which connect to the outside terminals of the 
choke are provided for external use of the 400-oycle impulses 
generated by the modulator tube. Wbe» these pin jacks are 
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short-circuited by a short length of wire, the modulator tube 
does not generate oscillations, and the output of the oscillator 
is unmodulated. Thus, either a modulated or unmodulated out- 
put can be secured. 

The ''attenuator^' (output control) is of the so-called "lad- 
der" type, consisting of a tapped voltage-divider resistor Rgj 



Fig. 17-2. — Schematic circuit diagram of the all-wave test os- 
cillator illustrated in Fig. 17-1. A separate oscillator and modu- 
lator tube are used, and a 3-section range switch is employed with 
8 grid and tickler coils to cover the entire frequency range from 
90 kc to 26 me. Only fundamental frequencies of the oscillator are 
employed. 

and a continuously- variable resistor both across the output. 
This provides both "step" and "continuously-variable" control. 
There are three steps: low, medium and high, represented by 
the designations L, M and H, respectively, available at pin 
jacks on the panel. The output is obtained between each of 
.these jacks and ground, designated by O. The variable output 
“^control may be employed with any output level. The location 
of these output terminal pin jacks, as well as the location of the 
modulator output jacks and range-switch knob, is shown in Fig. 
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wiping contacts which make connection with the corresponding 
terminals of whichever oscillator coil happens to be in the cir- 
cuit. The six tuning coils are all mounted on one rotatable form^ 
and are turned into position as used so that their terminals make 
contact with the leads, rather than the leads being switched 
to make contact with the coils, as is usually the case. This 
results in very short leads throughout the tank circuit, which 
reduces undesired interaction at the high frequencies. Six 
tapped, shielded, rotatable coils are used in all (see Figs. 17-4 
and 17-5), and the frequency range of each band is as follows: 
(1) 50-175 kc; (2), 155-530 kc; (3), 500-1,750 kc; (4), 1,750- 
6,000 kc; (5), 6,000-21,000 kc; (6), 21,000 kc-30 me. 

The high B voltage is dropped through resistor JK, to the 
value required by the screen grid of the ^36 oscillator tube. The 
plate circuit also contains a choke I/? through which the high- 
frequency plate current flows. Coupled to this coil is another, 
Lfl, which leads to the output attenuator. The oscillator tube 


Pig. 17-4. — Rear view 
of the interior of the os- 
cillator shown in Figs. 
17-3 and 17-6. The three 
tubes, tuning condenser 
and six shielded coil units 
may be seen. 


Oiiurtety Oloxtgh-Brenale Co. 

obtains its proper bias through the use of grid leak JS* and grid 
condenser C,. 

The separate a-f modulator stage employed assures freedom 
from “frequency drift'’ (see Art. 15-28) and also a pure 400-cyele 
note that does not shift with line voltage variation or tube re- 
placement. The grid coil of the separate modulator tube is 
coupled to its plate circuit, since it really is the secondary of a 
transformer of which Lg is the other coil; in this manner, a 
400-cyole modulating current is generated. A third coil (lower) 
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wiping contacts which make connection with the corresponding 
terminals of whichever oscillator coil happens to be in the cir- 
cuit. The six tuning coils are all mounted on one rotatable form^ 
and are turned into position as used so that their terminals make 
contact with the leads, rather than the leads being switched 
to make contact with the coils, as is usually the case. This 
results in very short leads throughout the tank circuit, which 
reduces undesired interaction at the high frequencies. Six 
tapped, shielded, rotatable coils are used in all (see Figs. 17-4 
and 17-5), and the frequency range of each band is as follows: 
(1) 50-175 kc; (2), 155-530 kc; (3), 500-1,750 kc; (4), 1,750- 
6,000 kc; (5), 6,000-21,000 kc; (6), 21,000 kc-30 me. 

The high B voltage is dropped through resistor Rs to the 
value required by the screen grid of the '36 oscillator tube. The 
plate circuit also contains a choke L 7 through which the high- 
frequency plate current flows. Coupled to this coil is another, 
Lgy which leads to the output attenuator. The oscillator tube 


Pig. 17-4. — Rear view 
of the interior of the os- 
cillator shown in Figs. 
17-3 and 17-6. The three 
tubes, tuning condenser 
and six shielded coil units 
may be seen. 
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obtains its proper bias through the use of grid leak and grid 
condenser C,. 

The separate a-f modulator stage employed assures freedom 
from ^'frequency drift'' (see Art. 15-28) and also a pure 400-cyele 
note that does not shift with line voltage variation or tube re- 
placement. The grid coil of the separate niodulator tube is 
coupled to its plate circuit, since it really is the secondary of a 
transformer of which Ls is the other coiT, in this manner, a 
400-©yole modulating current is generated. A third coil (lowei*) 
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picks up part of this 400-cycle oscillation for external use 
through the tip jack Ji. The modulation switch across 

the entire modulation choke is used to stop the generation of 
the 400-cycle oscillation when an unmodulated carrier is desired. 
The grid coil of the modulator tube is also equipped with a jack 
which allows the insertion of an external modulating source 
whenever desired. In other words, this jack allows a phono- 
graph or microphone circuit to be connected to the input of the 



Fig. 17-5. — Schematic circuit diagram of the all- wave line- 
operated test oscillator illustrated in Pigs. 17-8 and 17-4. Three 
tubes are employed, and a fundamental-frequency range from 50 kc 
to 30 me is provided. The oscillator is of the ‘‘electron-coupled^’ type. 

modulator tube for modulation of the oscillator; the 400-cyole 
oscillation is not generated when this is done because the normal 
grid circuit is broken by the jack. 

Two separate attenuators are used: one for high output and 
the other fox low output. When the Gnd. and Low terminals 
are used, potentiometer Pt is used for variation of signal out- 
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put strength; when Ond, and High output terminals are used, 
potentiometer P* is used. By means of these two attenuators, 
the output of the oscillator may be varied continuously from 
less than 0.5 microvolt to 2 volts, low enough for sensitive re- 
ceivers and high enough for receivers badly out of alignment 
and for all general work. The shielded output lead connects 
the test oscillator to the receiver being aligned, the inside wire 
and the shield serving as the two conductors. The purpose of 
the shielding is to prevent radiation of the oscillator signal. 

A unique feature is the gear-driven tuning condenser, Ci, 
with a lOO-division dial extending over 360 degrees and a sep- 
arate four-position marker dial. The effect of this dial is to 
spread the 100 divisions to 400 divisions, which are, in turn, 


Pig. 17-6. — Exterior 
view of the all-waye 
line-operated test oscil- 
lator whose circuit dia- 
gram is shown in Fig. 
17-7. The large scale of 
this instrument is re- 
produced in Fig. 17-8. 
Notice the compactness 
and provisions for ease 
of manipulation of this 
instrument. (Model 440) 
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spread over nearly 28 inches of scale length. The manufacturers 
claim that this dial may be read to an accuracy of 1/10 of 1 
per cent, as compared with an accuracy of 1/2 of 1 per cent to 
which the oscillator is calibrated. 

17^4. Jackson” Model 440 Oscillator. — ^The Jackson 
Model 440 service test oscillator is a three-tube all-wave in- 
strument designed for operation from either an a-c or d-c power 
lipie. An illustration of the instrument is reproduced in Fig. 
17-6, and its schematic circuit diagram is shown in Fig. 17-7. 
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Li, connected in a Hartley circuit (see Art. 15-15). It produces 
a pure 400-cycle output, and its plate circuit is provided with a 
switch SQ that the r-f output of the signal generator may be 
modulated or unmodulated, as desired. Two leads from the 
terminals of the modulator choke connect to binding posts 
on the panel of the instrument, so that the 400-cycle a-f note may 
be used for other external a-f tests or measurements. 

An electron-coupled type r-f oscillator employing a 77 type 
screen-grid tube is used. It will be recalled (Art. 15-31) that 
high-frequency stability is obtained by using this type of circuit. 

The screen and suppressor grids of the r-f oscillator tube con- 
nect to the plate voltage source through a 10,000-ohin resistor, thus 
acting as the ‘‘plate^tof the oscillator portion of the tube. The ^*real” 


Fig. 17-8. — ^Reduced 
facsimile reproduction 
of the scale of the 
oscillator illustrated 
in Figs. 17-6 and 
17-7. Five fundamen- 
tal-frequency ranges 
and scales are pro- 
vided to cover the 
range from 100 kc to 
10 me. In addition, 
a second harmonic 
range from 8 to 20 
me is provided. 



Courtew JaeJeson Elect. Jnctr. Co. 


plate and the external ^‘output circuit” are coupled to them by the 
electron stream within the tube, so that we have here, an electron- 
coupled oscillator (see Art. 15-31). Since one end of the modulation 
choke Lji connects (through the BO, 000-ohm resistor) to this real plate, 
modulation of the generated r-f oscillations is effected through the 
plate circuit without altering the frequency of the r-f oscillations. 

This test oscillator covers the complete frequency ranges 
used in all-wave receivers in five bands: 100-225 kc, 225-650 kc, 
560-1,600 kc, 1,500-4,000 kc, 4-10 me. The frequency indications 
are calibrated directly on the scale. As shown by a facsimile 
of its scale in Fig. 17-8, another range from 8 to 20 me is also 
available. This latter range makes use of the harmonics of the 
fundamiental frequencies of the fifth range; hence, the fre- 
quency of eve|y division of this scale is just double that of the 
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Li, connected in a Hartley circuit (see Art. 15-15) . It produces 
a pure 400-cycle output, and its plate circuit is provided with a 
switch SQ that the r-f output of the signal generator may be 
modulated or unmodulated, as desired. Two leads from the 
terminals of the modulator choke connect to binding posts A-F, 
on the panel of the instrument, so that the 400-cycle a-f note may 
be used for other external a-f tests or measurements. 

An electron-coupled type r-f oscillator employing a ’77 type 
screen-grid tube is used. It will be recalled (Art. 15-31) that 
high-frequency stability is obtained by using this type of circuit. 

The screen and suppressor grids of the r-f oscillator tube con- 
nect to the plate voltage source through a 10,000-ohni resistor, thus 
acting as the ‘‘plate'* of the oscillator portion of the tube. The “real” 


Fig. 17-8. — ^Reduced 
facsimile reproduction 
of the scale of the 
oscillator illustrated 
in Figs. 17-$ and 
17-7. Five fundamen- 
tal-frequency ranges 
and scales are pro- 
vided to cover the 
range from 100 kc to 
10 me. In addition, 
a second harmonic 
range from 8 to 20 
me is provided. 



plate and the external “output circuit" are coupled to them by the 
electron stream within the tube, so that we have here, an electron- 
coupled oscillator (see Art. 16-31). Since one end of the modulation 
choke Lj connects (through the BO, 000-ohm resistor) to this real plate, 
modulation of the generated r-f oscillations is effected through the 
plate circuit without altering the frequency of the r-f oscillations. 

This test oscillator covers the complete frequency ranges 
used in all-wave receivers in five bands: 100-225 kc, 225-550 kc, 
560-1,500 ko, 1,500-4,000 kc, 4-10 me. The frequency indications 
are calibrated directly on the scale. As shown by a facsimile 
of its scale in Fig. 17-8, another range from 8 to 20 me is also 
available. This latter range makes use of the harmonics of the 
fundamiental frequencies of the fifth range; hence, the fre- 
quency of every division of this scale is just double that of the 
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corresponding division of the fifth (4 to 10 me) scale. This may 
be seen by inspecting Pig. 17-8 closely. 

The coil-switching system is apparent from the diagram. 
Five tapped oscillator coils are used — one for each of the funda- 
mental ranges (see Fig. 17-7). Each one has a separate trim- 
mer condenser, T, for calibration. The coil-switching system 
consists of two sets of switches, as shown. One set controls 



Fig. 17-9. — Simple battery-operated test oscillator emplo 
the Hartley circuit. This is a portion of the Philco Model 048’ all 
purpose set tester shown in Fig. 6-19. (Coturtesy PkUca,} 

the screen grid and tap terminals of the five coils and another 
switch controls the control-grid terminals. A 370 mmfd. vari- 
able condenser is used for the main tuning. 

The plate of the r-f oscillator tube connects to the atten- 
uator network through a 100 mmfd. fixed condenser. The at^ 
tenuator is composed of a dual potentiometer connected as 
shown, which permits variation of volume from the minimum 
required for sensitive receivers, to the maximum output of the 
device for receivers badly out of alignment, etc. The entire 
oscillator is well shielded to prevent the direct radiation of 
signals, A shielded wdre is furnished for connection between 
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the test oscillator and the receiver being aligned, the inside wire 
and the outside shield serving as the two conductors. The shield 
prevents radiation of the oscillator signal, 

17-5. “Philco” Model 024 Test Oscillator. — ^Figure 17-9 
shows the circuit diagram of the Philco Model 024 test oscillator. 
This is also the test-oscillator portion of the Philco Model 048 
all-purpose set tester which was described in Art. 5-10 and illus- 
trated in Fig. 5-19. This oscillator differs from the others prev- 
iously described in that it is simple, self-modulated and has but 
two fundamental-frequency ranges. Higher frequencies are ob- 
tained by utilizing the harmonics of the fundamentals. 

By means of the tapped grid coil arrangement shown, the 
range of fundamental frequencies available is from 105 to 2,000 kc. 
Higher frequencies can be obtained through the use of harmonics. 
The main tuning condenser is Cj. This oscillator uses the series- 
feed Hartley oscillator circuit (see Art. 15-15), and is self -mod- 
ulated by the grid lead Ri and grid condenser C*. The grid 
coil, Li, is coupled to the attenuator magnetically by means of 
the pickup coil X*. The attenuator is simply a potentiometer, 
P, connected across the output of the pickup coil. The oscillator 
is battery-operated, the batteries for which are contained in the 
instrument case itself. The A battery is a single flashlight cell, 
and the B battery is a small 22^-volt unit. 

17-6. “RCA Victor^' Model 97B Oscillator. — ^The BOA 
Victor Model 97-B service oscillator is a 2-tube battery-oper- 
ated unit designed for radio service work. It has a frequency 
range from 90 kc to 25 me. a separate modulator tube is used. 
The illustration of Figure 17-10 shows the external appearance 
of the instrument. Its internal construction and arrangement 
of parts is shown in Fig. 17-11. The complete schematic cir- 
cuit diagram is shown in Fig. 17-12. 

The oscillator circuit is the familiar tickler type, with eight 
grid and tickler coils to cover the complete range in fundamental 
frequencies only. A three-gang coil switch is used to select 
the various coils in order to obtain the following bands of fre- 
quency ranges: (1), 90-200 kc; (2) 200-400 kc; (3), 400-800 kc; 
(4) 800-1,500 kc; (5), 1.6-3.1 me; (6), 3.1-68 me; (7), 6.8-14 
me; (8), 14-25 me. Section of the gang switch is used to 
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select the grid coils, which have the even numbers from to 
inclusive; section S-5 of the switch selects the tickler coils, 
which have the odd numbers from L-l to L--16 inclusive; and sec- 
tion /S-I is used to short-circuit two of the grid coils not in use, 


Pig. 17-10. — Exterior 
view of the battery-op^ 
erated all-wave test os- 
cillator shown in Figs. 
17-11 and 17-12. The 
range switch is at the 
left, and the frequency- 
calibrated dial is at the 
center. The output (at- 
tenuator) control is at 
the right. (Model 97B) 


Oourtery RCA Victor Oo. 



for these might otherwise absorb excessive oscillator power. The 
illustration of Fig. 17-11 shows the arrangement of these coils 
in the oscillator. 

A tap is taken from the coil side of the grid circuit to the 



Pig, 17-11. — ^Interior 
view showing the con- 
struction of the test 
oscillator above. The 
two tubes, tuning con- 
denser, coils, and fila- 
ment and plate bat- 
teries are plainly 
visible. 


Courtesy ROA Victor Oc* 


attenuator potentiometer R-1 through a 4.5 mmfd. condenser, 
C-f. Control of oscillator voltage is secured through the use 
of the simple potentiometer circuit. 

The second type ’30 tube is the modulator. The B plus con- 
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nects to one side of the primary of the audio transformer T^l, 
the other side of which connects to the plate of the modulator 
tube and to the B plus side of the tickler coils in the high-fre- 
quency oscillator circuit. Thus, the same coil that feeds the 
modulator tube also feeds the oscillator, and hence modulation 



Fig. 17-12. — Schematic circuit diagram of the battery-operated 
all-wave test oscillator illustrated in Figs. 17-10 and 17-11. One 
tube acts as an oscillator, and the other as the modulator. 

of the oscillator is secured by the usual constant-current system. 
The grid circuit of the modulator connects to the secondary of 
the modulation transformer, and, since the two coils of Ti are 
coupled magnetically, the modulator tube generates oscillations. 
The modulator frequency is 400 cycles, and the output of the 
oscillator is modulated about 50 % by this. 

Tuning is accomplished by means of a single knob of varying 
ratio. In other words, the knob of this oscillator has provisions 
for varying its tuning ratio from 6:1 to 20:1 by adjustment 
of the position of another small knob situated above the tuning 
knob. This variable ratio enables the operator to obtain a fine 
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variation of frequency at the high frequencies and a more rapid 
rate of control at the lower frequencies. 

As already mentioned, the attenuator is of the potentiometer 
type. In some instances it may not be possible to lower the os- 
cillator output sufficiently for sensitive receivers. The manu- 
facturer recommends the following to be used to alleviate this 
condition. Two carbon resistors, one having a value of 100 ohms 
and the other a value of 100,000 ohms should be connected in 
series and placed across the Ant. and Ond, terminals of the 
oscillator with the 100- ohm resistor connected to the Ond. 
terminal. The ^^antenna'^ terminal of the receiver is then con- 
nected to the junction of the two resistors and the groimd to 
the Gnd, terminal of the oscillator. Control of volume is then 
effected by the usual knob on the oscillator. 

The oscillator is calibrated to within 3% of the scale read- 
ing and a special correction chart is supplied so that the user 
may correct the calibration for more accurate results. A special 
adapter may be obtained which, when plugged into the modu- 
lator socket, provides an unmodulated output. 

17-7. **Readrite’’ Models 553, 554 and 556 Oscillators.^ — 
These test oscillators are similar except for the fact that the 
Models 553 and 556 have output meters incorporated in them 



Pig. 17-18. — Exterior view of the 
battery operated test oscillator whoa© 
circuit diagram is shown in Pig. 17-14. 
The oscillator is shown here in its 
carrying case, with an output meter 
at the right. (Model 6B8) 

OourUty ReadrU^ Metmr "Wcflat 


and the Model 554 has no output meter; the meters in the 
Models 553 and 556 are of diffierent quality. A reproduction 
of the Model '553 instrument is shown on Fig. 17-13, and its 
schematic circuit diagram, except for the output meter, is shown 
in Fig. 17-14. 

These oscillators are typical of the commercially available 
single-tube self-modulated units. A 2-turn pickup coil con- 


Fig. 17-14. — Schematic circuit diagram of the test oscillator 
illustrated in Fig. 17-13. Notice that the oscillator tube is self -modu- 
lated by the leak-condenser method. 

purposes. A type ^30 tube with self-contained batteries is used. 

Self-modulation is accomplished by the leak-condenser meth- 
od discussed in Art. 15-27, and a switch is utilized to facilitate 
short-circuiting part of the 2-section grid leak when no modula- 
tion is desired. The oscillator has four bands and can tune 
from 110 to 14,000 kc. Although there are only three tuning 
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coils, there are two variable condensers, which enable (by means 
of the switching system) the four ranges to be obtained. 

Four output terminals are used. For weak signals, the CAP., 
and ^nd terminals are used, and the two center terminals marked 
MAX. are i4sed for large outputs. It is to be noted that the 
lower MAX. terminal connects through the full attenuator re- 
sistance. The terminal is capacitively coupled to the small 

coil which connects to the upper MAX. terminal. A shielded 
wire is supplied for leading the oscillator signal to the receiver 
without radiation of the r-f signal. 


17-8. ‘^Supreme" Model 61 Test Oscillator. — ^The Supreme 
Model 61 all-wave test oscillator is a typical example of a single- 
tube unit of the a-c operated type that is automatically 100% 
modulated by the a-c power supply line. The oscillator is shown 
in Fig. 17-15 and its schematic circuit diagram in Fig. 17-16. 

Two bands of fundamental frequencies are available: the 
first from 95 to €20 kc, and the second from 1.6 to 3.3 mega- 
cycles. Frequencies up to 21 megacycles are readily obtainable 
by the use of harmonics. As can be seen, the a-c line connects 



Courtesy Swgtrems Elect. Instr. Corn. 


Pig. 17-15. — The line-operated, 
single-tube, all-wave test oscillator 
whose schematic circuit diagram 
is shown in Fig. 17-16. The com- 
pactness, and simplicity of con- 
trol, of the instrument is appar- 
ent. (Model 61) 


to the primary of a power transformer, T, the secondary of 
which develops 41 volts. This voltage heats the filament of tihc 
type ^30 tube through a 2()0-ohm resistor and supplies plate 
voltage through the 2,000-ohm resistor. The secondary of this 
transformer is filtered by means of the elaborate ohoke-oonden- 
ser filter system shown, to prevent the oscillator from feeding 
back into the line. 

Two coils labeled L and H are, respectively, the coils tor 
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the low- and high-frequency bands. The tuning condenser is 
shown above coil H, The plate and grid, through the grid leak 
and condenser, connect to the terminals of the two coils, in turn, 
through the double-pole double-throw tumbler switch, S. The 



Fig. 17-16. — Schematic circuit diagram of the test oscillator 
illustrated in Fig. 17-16. A single tube is employed, and its output 
is modulated by the a-c line. A fundamental frequency range of 
95 kc to 220 kc, and from 1.5 to 3.8 me is provided. 

center tap of each of the coils connects to the high-voltage line 
(which serves as both the filament and plate voltage supply), 
hence, the circuit is of the Hartley type. The small coil, M, near 
coil Lj is a pickup coil and connects to the output terminals (Ant., 
Ond.) of the oscillator. Ho attenuator circuit is provided. 

The values of the grid leak and grid condenser are such that 
practically no grid modulation takes place. It is the purpose of 
the grid resistor and capacitor combination (1) to provide the 
proper grid bias for the oscillator tube so as to maintain the 
proper impedance relations between the grid and plate circuits, 
and (2) to provide protection to the oscillator circuits against 
possible short circuits between the grid and plate elements of 
the oscillator tube. 

The fact that a-c is supplied to both the filament and the 
plate automatically modulates the r-f of the oscillator 100% 
(see Arts. 15-25 and 16-27). This 100% modulation is a de- 
sirable feature when aligning the tuned circuits of modem radio 
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receiyers in which the blasting effect of strong signals is min" 
imized by volume level circuits which are most efficient when 
operating with signals from a 100 % modulated broadcast station. 
If strong r-f signals are applied to a sensitive receiver of this 
type by a weakly modulated oscillator, it is possible to over- 
load the detector with energy without having any appreciable 
loudspeaker output (or output meter reading). In some re- 
ceivers, an overloading of the above-mentioned circuits with r-f 
energy may result in two maxima or ^'peaks’^ of the radio out- 
put, and in broad tuning when the modulation is considerably 
less than 100%. It is, therefore, obvious that the loudspeaker 
output (or output meter reading) is greatly dependent upon 
the percentage of the modulation of the input r-f signals. Since 
a-c is the only form of line voltage which will operate this in- 
strument, it is not possible 'to secure an unmodulated output. 
However, 60-cycle modulation (the modulating frequency is 


Pig. 17-17. — The bat- 
tery-operated, two-tube, 
all-wave test oscillator 
whose schematic circuit 
diagram is shown in Fig. 
17-18. (Model 180) 


Cou/rtety Suprtyme Elect. Jnetr. Oorp, 

equal to the line supply frequency) is quitq suitable for ordinary 
set aligning purposes. 

The instrument is completely shielded in a cast alunainum 
case, which is grounded; it is hand calibrated witb the tube sup- 
plied with the instrument. A calibration chart showing the fre-* 
quencies supplied by the oscillator at any dial setting is fur^ 
nished with the instrument. A shielded lead is provided for 
leading the oscillator signal to the receiver without radiation. 




Fig. 17-18. — Schematic circuit diagram of the test oscillator 
illustrated in Fig. 17-7. This is a 2-tube, separately modulated, 
oscillator of the electron-coupled type. 

lator circuit. The instrument itself is shown in Fig- 17-17, and 
the schematic circuit diagram is presented in Fig. 17-18. 

The modulator circuit uses the transformer T in the con- 
ventional connection: one winding in the plate circuit couplea 
to the other winding in the grid circuit. The constants are ad- 
justed for the generation of a 400-cycle modulator signal. The 
grid leak and condenser in the modulator grid circuit are used 
to obtain proper automatic bias in the usual manner. 

The oscillator circuit is of the electron-coupled type (see Art- 
16-31). While only one set of oscillator coils is shown in Fig. 17-18 
for simplicity, there are actually seven such sets whose connec- 
tions are switched by means of a five-gang seven-position rotary 
switch. Three of the switch gangs switch the grid, tap, and 
groimd connections of the main coils, labeled 0\ the other two 
are used to switch the additional small windings labeled B, It 
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will be recalled that one fundamental requirement of an electron- 
coupled oscillator circuit is that the filament tap be at a high- 
frequency potential; this means that the other leg of the filament 
must be at the same r-f potential, otherwise part of the coil 
will be short-circuited through the filament of the tube. It is 
the function of the ^^bucking^^ winding B to place one leg of 
the filament at r-f potential; the other leg of the filament is 
already at this potential because it connects to the tap on the 
main coil O, This idea has already been explained in Art. 15-31. 

It will be noted that the plate of the oscillator tube is con- 
nected to the plate of the modulator tube through the 2.5 mh. 
r-f choke; hence the oscillator is modulated in the plate circuit. 
It is known that the frequency of a triode oscillator depends to 
some extent upon the plate voltage of the oscillator, which in 
the case of an electron-coupled oscillator means the screen-grid 
circuit. Therefore, if the screen-grid circuit of the oscillator 
were modulated, some frequency modulation might result at 
the same time that it is being am'plitude modulated. It is also 
known that, in an electron-coupled oscillator, the plate (actual) 
is coupled to the oscillator elements by the electrons in the tube, 
and hence the frequency of oscillation is independent of the plate 
voltage. Since the r-f current in the plate circuit depends upon 
the plate voltage, it is convenient to modulate the plate cur- 
rent of the oscillator, thereby maintaining frequency stability, 
but varying the r-f output voltage at the rate of 400 cycles per 
second, which is exactly what modulation really is. Stated in 
another manner, the aniplitude of oscillation in the oscillatory 
circuits remains constant, and the amount transferred to the plate 
circuit varies with the frequency of the modulation voltage. 

The output of the oscillator is coupled to the attenuator 
through a 25 mmfd. fixed condenser, and the resulting voltage 
across the terminals of the attenuator is r-f modulated about 
50 % at 400 cycles. The manufacturer has found that a 20 % 
decrease in the potentials of the self-contained operating bat- 
teries results in no appreciable change in oscillator frequency. 
The audio output is available from two jacks on the panel of 
the instrument (not shown), and the modulation may be shut 
off by means of the short-circuiting switbh provided • aoroes 



CH. XYII TYPICAL COMMERCIAL TEST OSCILLATORS 419 


the plate circuit winding of the modulation transformer T. 

Seven tuning bands are available, covering the complete 
range from 90 kc to 20 me. This arrangement provides complete 
coverage, using fundamental frequency signals, of all super- 
heterodyne intermediate frequencies, standard American broad- 
cast frequencies, police tuning bands, and all short wave bands 
down to approximately 15 meters. The guaranteed accuracy of 
the calibration is ^ . 

Three attenuator pin jacks are on the panel. The ^‘Ground’’ 
and terminals provide maximum signal output, with no 

variable control, for circuits which require ^^feeling^’ with an 
oscillator until it is heard. This connection is also useful when 
neutralizing old types of insensitive neutrodyne receivers, and for 
preliminary adjustment of receivers which are badly out of 
alignment. The terminals ^^Ground” and '‘Low’' are used for 
all other test work which requires variable attenuation, 

17-10. "Weston” Model 694 Oscillator. — This oscillator is 
representative of the type using a single multi-element tube. One 
section generates the audio oscillations and the other generates 


Fig. 17-19. — The test oscillator 
whose schematic circuit diagram 
is shown in Fig. 17-20. This os- 
cillator is battery-operated and 
employs a single multi-element 
tube. (Model 694) 



Ootirtesj/ Weston Tnetr. Oorp. 


the r-f oscillations, modulation being accomplished by the elec- 
tronic coupling between the two sections (an application of the 
electron modulation principle discussed in Art. 15-26). Figure 
17-19 shows an illustration of the oscillator, and Fig. 17-20 is its 
schematic circuit diagram. 

The tube used is the 1A6 (or 1C6), which has a filament, 
a plate and five grids. Reading in the direction from filament 
to plate, we will refer to the grids as Gi to Gs inclusive. A 
breakdown of this circuit would show that the plate, filament, and 
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grids Gs to Gs inclusive generate audio oscillations of sufiB- 
cient intensity to modulate the r-f by about 30%. This gen- 
eration is accomplished by the transformer, T, shown, one 
winding of which connects between plate and B plus while the 
other connects between (control grid) and filament. Grids 
Os and Gs) connected internally, are shields to decrease cap- 



Fig. 17-20. — Schematic circuit diagram of the battery-operated 
test oscillator illustrated in Fig. 17-19. A multi-element tube is 
used, one section of which generates the r-f oscillations, and the 
other section of which generates the a-f oscillations for modulation. 
An ^^electron-modulation” arrangement is used. 

acity-coupling to grids Gt and Gf, the oscillator section of the 
tube. In this discussion we will refer to grid On as the oscillator 
plate and Gi as the oscillator grid, because G,, and the fila- 
ment constitute a separate triode for the generation of r-f. 
There are four frequency bands in all: band LI coveys the 
range from 100-300 kc, HI covers the range from 200-600 kc, 
BC from 500-1,600 kc, and SW from 1,600-3,000 ko. The letters 
are abbreviations for ^low intermediate,*^ **high mtermediate,** 
^‘broadcast,** and ^‘short-wave.** ' 

Although not apparent fyom the switching arrangement as 
drawn, the four ranges are obtained by two plate coils, and two 
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grid coils, each tapped as shown. The top coil on the left, 
designated by terminals 7 and S, is a pickup coil which connects 
to the attenuator network for variation of the output from max- 
imum to a minimum of 1 microvolt. 

On the SW position coil 6-5 (left) and coil ^-1 (left) are 
in the circuit, with the B plus connected to terminal 5. On the 
BC position, coil 6-4 (left) and coil S-2 (left) are in the cir- 
cuit with the B plus connected to terminal 4- On the HI posi- 
tion, the plate coil consists of the coils 6-4 on the left and 5-4 
on the right connected in series, and the grid coil consists of 
coils S-1 on the left and 2-1 on the right connected in series; 
the lowest band, LI, contains 6-4 on the left in series with 6-4 
on the right, while the grid coil consists of the series connection 
of S-1 on the left and S-1 on the right. The right- and left-hand 
sections are shielded from each other to avoid interaction. 

The attenuator system provides for two outputs, *‘low^’ and 
'^high'^ The ^‘low'* output voltage is that across a 2 -ohm re- 
sistor connected in series with 1,100 ohms, the total being in par- 
allel with the arm of the potentiometer and one end. ‘^High*^ out- 
put is obtained across the potentiometer, with 400 ohms in series. 

One of the two timing condensers, Ci, is always in the cir- 
cuit, and the other, Cg, is thrown in by the cam-switch to secure 
the desired frequency range on the HJ. and LJ- bands. Norm- 
ally, it is connected across the grid and plate coils. 

17-11. Wireless Egcrt” Model 99 Test Oscillator. — 
This battery-operated test oscillator is typical of the type which 
uses a separate modulator tube electron-coupled to an oscillator 
(this is electron-modulation; see Art. 15-26) which covers the 
range in fundamental frequencies from 100 to 21,000 kc. The 
instrument itself is shown in Fig. 17-21, and its schematic circuit 
diagram is shown in Fig. 17-22. 

The main tuning control is varied by a knob under the air- 
plane-type dial shown. This dial has a pointer which is equipped 
with a true vernier, which allows the dial to be read accurately 
to within 1/10 division; it has a ratio of 14 to 1. 

As shown in Fig. 17-22, coils Li to L 7 are the oscillator 
coils, which connect to the type '30 oscillator tube in a stand- 
ard tickler circuit. A 7-point two-gang switch SW changes the 
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plate and grid coils for each of the seven bands, the frequency 
range of each being as follows: (1), 12-21 me; (2), 6.75-13.6 
me; (3), 3-7 me; (4), 1.4-3.4 me; (5), 550-1,500 kc; (6), 250-670 
kc; (7), 100-255 kc. These are fundamental frequencies; hence 
it is not necessary to resort to the use of harmonics. Condenser 
Cl is the main tuning condenser. 

The r-f signal generated by the type '30 tube is fed to the 
fourth grid of the 1A6. This fourth grid is shielded by grids 



Fig. 17-21. — The bat- 
tery-operated all-wave test 
oscillator whose schem- 
atic circuit diagram is 
shown in Fig. 17-22, The 
circuit diagram reveals 
several very inteiresting 
circuit features of this 
oscillator. (Model 99) 


• Ooxirte»y Wir*'le»« Egert Eng., Jnc. 


and which also connect to the plate and to one side of the 
modulation transformer La,* the other side of the modulation 
transformer connects to jB plus. The other coils of this trans- 
former, together with condenser C«, connects to grid No. 7 of 
“the tube. Hence, the 1,000-eycle audio signal is generated by 
.grids S and 6, and the plate. Modulation is accomplished 

inside the 1A6 tube by the modulating action of the audio grids 
on the electron stream (electron modulation). 

It will be noted that the r-f attenuator connects to the plate of 
the modulating tube through a 0.006 mfd. fixed condenser. The 
. audio-frequency signal is available externally as the voltage drop 
; across one winding of Lg. The connections are such that the 
audio signal may also be obtained from the r-f tip jacks, in 
■which case the voltage output is approximately 1/20 volt at the 
^full setting of the r-f attenuator. 

The output impedance of the attenuator is low, about 100 
-ohms, which prevents ordinary loads from disturbing the cali- 
rbration of the instrument. An unmodulated signal may be ob- 
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tained by short-circuiting the a-f pin jacks. An interesting 
feature of the instrument for service work is that the attenuator 
is of the logarithmic output type, and is calibrated directly in 



Pig. 17-22. — Schematic circuit diagram of the battery-operated 
test oscillator illustrated in Fig. 17-21. A separate combination ‘'a-f 
oscillator” and “modulator” tube, electron-coupled to the oscillator 
tube, is employed for “electron modulation”. Seven coil units are 
employed to cover the frequency range of 100 kc to 21 mc- 

‘^miorovolts^^ although the calibration is only approximate. 
However, it permits the operator to obtain some idea of the value 
of voltage he is feeding to the apparatus imder test. 


REVIEW QUESTIONS 

1. Draw the circuit diagram of the modulating system used in 
the service test oscillator of Fig. 17-2, and shovr the means 
used to shut off the audio modulation. 

2. What is the principle of the attenuator used in the test oscil- 
lator whose schematic circuit diagram is shown in Fig. 17-6? 
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CHAPTER XVIII 


PRELIMINARY TESTS FOR TROUBLE 

18-1. Introduction. — The process of testing a radio re- 
ceiver to determine the location and cause of trouble is com- 
monly called trouble shooting, and it is the goal of every radio 
service man to become expert in locating trouble quickly and 
directly. The ease and rapidity with which a receiver may be 
analyzed or diagnosed depends largely upon the technical 
knowledge and practical experience possessed by the individual, 
as well as upon the test equipment he has available. It is im- 
possible for one to become an expert trouble shooter imless he 
has a thorough knowledge of the fundamental principles and 
circuits upon which the operation of different parts of radio 
receivers depends. This knowledge can be gained only by thor- 
ough training in electrical and radio principles, and by the con- 
stant application of these principles. 

Service men usually work out their own methods or proced- 
ures for revealing the location and nature of troubles that may 
cause a receiver to operate unsatisfactorily or not at all. The 
tfht analyzer is a valuable aid in this work, but, as we shall see, 
intelligent radio servicing consists of far more than merely 
operating a set analyzer mechanically. It is of utmost import- 
ance that the service man learn to observe and recognize the 
symptoms which the analyzer, or other meter equipment, reveals, 
as well as those which it cannot disclose. This chapter is intended 
to serve as an outline and a guide for the development of a rapid 
system for making preliminary tests on receivers. Undoubted- 
ly, each man will continue to add additional tests or “short 
cuts” to those presented here as his experience in radio service 
work increases, but the tests described in this chapter will 
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serve as a solid, practical foundation. The more detailed tests 
will be described in later chapters. 

18-2. Preliminary Questions to Ask the Owner. — ^Before 
any effort is made to analyze a receiver, the service man should 
question the set owner briefly in order to acquaint himself with 
all the information about the receiver that the owner can give. In 
many instances, the information obtained by these questions 
will furnish some indication of the probable source of trouble 
before any testing is done. Upon arriving at the owner^s home, 
questions such as the following ones should be asked: 

1. What is your complaint regarding the receiver? 

2. Did the trouble develop recently? 

S. Has the set ever experienced the same trouble before? 

4- Did the set stop suddenly? 

If the trouble is ^'gradual fading'^ or ^^intermittent reception'^ 
the following questions should be asked: 

5. Does reception die out or fade gradually, or does it cut 
off sharply? 

6. How long does it take before reception is again obtained? 

7. Can you make reception normal by operating any 
switches, striking the cabinet, or by any other unusual 
method? 

8. How often does the fading occur? 

P. When reception fades out and comes back either grad- 
ually or suddenly, can you hear a click? 

If the trouble is ^'noisy reception”, ask these questions : 

10. How long has this noise existed? 

11. Is the noise of an intermittent nature? 

12. During what time of the day or evening have you 

noticed the presence of the noise? ^ 

The purpose of the first set of questions is to get the owner 
talking about the set. The fact that the owner of the set can 
definitely state his complaint is an indication that something is 
actually wrong with the receiver. Very often, service men are 
called on jobs, only to find that the owmer thinks something 
might be wrong, not because he knows definitely that something 
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is wrong. If the owner^s reply to the second question is that the 
trouble only developed a short time ago, then the service man 
is more sure of the fact that the trouble is not inherent in the 
particular design of the receiver. If the owner experienced the 
same trouble before, then try to determine who repaired the 
receiver, if at all, and if the set worked satisfactorily after it 
was repaired. This is a very important point to settle definitely. 
The fact that the receiver stopped operating suddenly is an 
indication that the trouble is something definite, and not one 
of those elusive symptoms that never seem to occur vrhen the 
service man is present I 

The remaining qustions will enable the service man to get 
the owner's opinion regarding the trouble. It often happens 
that the trouble, if it is of an intermittent nature, may not 
develop as soon as the set is turned on. Questioning the owner 
will establish this fact, and the service man should not leave 
until the trouble has appeared. If the owmer is not ques- 
tioned, the service man may leave without noticing any trouble 
at all, pronounce the set O. jK., and have his reputation as a 
service man suffer when the set exhibits the same troubles again 
at some later time. 

The few questions suggested here will undoubtedly lead to 
others, and an idea of where to begin trouble shooting may often 
be obtained from them. Under no circumstances should the 
owner be asked the question, “What is the trouble?" for, if this 
were known, the probability is that a service man would not 
have been called in the first place I The asking of too many 
questions should also be avoided, for the customer may feel that 
he is hiring and paying you to find the trouble, not to cross- 
examine him. The manner and willingness with which the 
owner volunteers information regarding the set should be the 
service man's guide regarding the number of questions to ask. 

18-3. Receiver Symptoms which are Common. — ^The re- 
ceiver switch should now be placed in the “on” position and, 
after allowing sufficient time for the tubes to heat up, tuned to 
the signal of a broadcasting station. The next step depends upon 
what happens when this is done. It is very likely that a clue 
to the trouble will be obtained quickly by carefully noting the 
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symptoms exhibited by the receiver, and making a few prelim- 
inary tests which take only a few minutes to perform. Some of 
these symptoms are as follows: 

J. The receiver may not operate at all. 

2. The output may be weak. 

S. Reception may be noisy or intermittent. 

4 . The tone quality may be poor. 

5. The loud speaker may blast or rattle on certain 
notes. 

6. One or more tubes may not light up. 

7. The set may oscillate, or hum. 

8. The set may be noisy only while tuning. 

18-4. Preliminary Tests to be Made. — ^After the trouble 
symptom is noted, the service man should reason carefully, and 
attempt to think of the various troubles which might lead to 
such a symptom. Preliminary tests to check on these assump- 
tions should then be made. Of course an experienced service 
man will often be assisted greatly at this point by any previous 
experiences with troubles of a similar nature in similar receivers. 
We will now consider some of the simple preliminary tests which 
should be part of every service man^s routine, since they will 
•disclose troubles that the usual receiver analysis with a set 
analyzer will not reveal. In many cases, they can be made with- 
out removing the chassis from the cabinet. The sequence in 
which , these preliminary tests are made really depends upon the 
trouble symptom noted, experience and personal preference. No 
importance should be attached to the order in which they are 
presented here. The time required to make these tests is ac- 
tually very short, even though it requires several pages to 
explain them here. 

18-5. Checking the Bntire Antenna Circuit, — ^When the 
volume is low^ or no signals at all are heard when the receiver 
is set in operation with the volume control adjusted to its 
imum-volume'’ position, the B battery voltages should be 
checked at once, if it is a battery-operated receiver. If it is an 
a-c operated set, the voltages applied to the tubes (and the tubes 
themselves) should not be tested first. It is preferfi'We to oheck 
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over the antenna* system first in either of the two ways which 
will now be explained. 

A rough, comparative test of the signal pick-up of which 
the aerial is capable may be made by tuning the receiver to a 
broadcast signal, with the volume control at ^‘maximum”, and 
then disconnecting the lead-in wire from the receiver. The signal 
strength should fall off very noticeably when this is done, re- 
gardless of what its original strength was. In a well-shielded 
set, very little or no signal at all should be heard when the 
lead-in wire is removed from its binding post. If a broadcast 
signal is not available, the lead-in wire should be disconnected 
and tapped repeatedly on the “Ant*’ binding post of the receiver, 
A series of loud clicks should be heard when this is done. The 
absence of these reactions usually indicates an inefficient an- 
tenna circuit, assuming that there are no tube or internal re- 
ceiver troubles. 

A high-resistance ground also is often the cause of weak 
signals. The eflSlciency of the ground circuit may be checked in 
a manner similar to that employed for the aerial circuit. How- 
ever, there may be little or no drop in volume when the ground 
lead of an a-c operated receiver, which employs “grounding con- 
densers** for minimizing hum effects, is removed. These conden- 
sers offer a low-impedance path for the r-f signals from the 
power-supply-circuit ground to chassis. Also, the capacity be- 
tween the primary and secondary of the power transformer may 
effectively ground the receiver. Transformers with electrostatic 
shields are usually no exception to this. 

A more detailed test of the antenna system is to inspect 
carefully as much of the aerial* and ground wires as are con- 
veniently accessible. The lead-in and aerial portions of the 
antenna should not touch any grounded metal objects at any 
point. All aerial, lead-in, and ground joints should be properly 
soldered or carefully spliced and taped to prevent corroded con- 
nections. The insulation on the lead-in strip should also be ex- 
amined. The common practice of nailing this strip to the win- 

•"Note: The horizontal, or elevated wire is the ctarml; the 

wire from the aerial to the set is the leadn^, and the aerial, lead-^^ 
and ground wires together constitute the complete antenna cir€su4t. 
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dow sill should be avoided, especially where the sill is of metal, 
and, if possible, other means should be employed to hold this de- 
vice in place. The ground clamp should be clean and fastened 
tightly to a clean portion of the object used for grounding 
(usually a cold water pipe). The locations of possible and 
common defects in an outdoor antenna system are pointed out 
in Fig. 18-1. 

A quick test to determine if the aerial or lead-in is ground- 
ed at any point may be made by connecting an ohmmeter be- 
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Fro. 18-1. — ^Places in a typical outdoor antenna system wheire 
trouble is likely to occur. 

tween the lead-in and ground leads (when they are disconnepted 
from the receiver) , and measuring the insulation resistance be- 
tween them as shown at {A) of Fig 18-2. Amy other niethod 
of measuring resistance (see Chapter III) may b6 employed 
if an ohmmeter is not available. High-resistance type grounds, 
however, will not be disclosed readily with these simple set-ups* 
The lightning arrester also should be tested with/an ohmnaetw 
for leakage and short-circuits, as shown in (JB) of Fig. 18-2. All 
wires should be disconnected from one terminal of the arrester 
when this test is made ; the wires should be replaced properly af- 
ter the test. A complete open circuit (“infinite resistance^'^ 
reading on the ohmmeter) indicates a good arrester. 

The condition of the receiver ground may be checked by hrst 
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ground circuit. Its value may be determined by considering the 
difference in voltage between the two readings and the ohms-per- 
volt value of the meter employed in making the measurements. 

Thus, suppose the irst reading gives a true line voltage of 
il2.6 volts, and the second reading of the meter, through the 
ground to be tested, is 98.5 volts. The voltage drop across the 
resistance of the ground circuit is then 112.5 — 98.5 = 14 volts, 
as shown by the sketch of Tig. 18-3, (.4) and (B). It is clear 
from {B) that the current flowing through the ground resistance 
in the second test is the same as that through the meter. If the 
sensitivity of the meter is 1,000-ohms-per-volt, and if the /uZZ- 
scale deflection of the meter is 150 volts, its resistance is 150,000 
ohms. The voltage across the meter in the second test is the 
reading of the meter, that is 98.5 volts. The meter current is, 
therefore, 98.5/150,000 = 0.00065 ampere; this is also the cur- 
rent flowing through the ground resistance. The resistance of 
the ground is found by dividing the voltage across it by the cur- 
rent through it, or 14/0.00065 = 21,500 ohms (nearly) . 

18-6. Noisy Reception. — If the complaint is noisy recep- 
tion, it is possible that it may be caused by a defective tube, 
a loose connection, some broken wires, one or more arcing com- 
ponents within the receiver, or by a faulty antenna system. It 
is also possible that it may be due to unfiltered or faulty elec- 
trical appliances or machinery operated in the vicinity of the 
radio receiver or antenna (these causes are discussed in detail 
in Chapter XXX). 

While the noise is being received strongly, disconnect both 
the lead-in and ground wires from the receiver terminals. (Of 
course, the broadcast program may not be heard when this is 
done.) Usually, it is also best to short-circuit the “Ant*' and 
^^Gnd^^ terminals of the set by a very short piece of wire. If the 
noise does not disappear or decrease in strength when this is 
done, the trouble is most likely in the radio apparatus itself. 
On the other hand, ij the noise does disappear or diminishes in 
strength, it may safely be assumed that the source of the noise 
is located outside the receiver. In this case the problem is more 
diflicult, for the disturbance may be set up by an electrical 
device which may be located in some inaccessible place, per- 
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ground circuit. Its value may be determined by considering the 
difference in voltage between the two readings and the ohms-per- 
volt value of the meter employed in making the measurements. 

Thus, suppose the hrst reading gives a true line voltage of 
il2.6 volts, and the second reading of the meter, through the 
ground to be tested, is 98.5 volts. The voltage drop across the 
resistance of the ground circuit is then 112.5 — 98.5 = 14 volts, 
as shown by the sketch of Fig. 18-3, (-4) and (B). It is clear 
from (.B) that the current flowing through the ground resistance 
in the second test is the same as that through the meter. If the 
sensitivity of the meter is 1,000-ohms-per-volt, and if the full- 
scale deflection of the meter is 150 volts, its resistance is 150,000 
ohms. The voltage across the meter in the second test is the 
reading of the meter, that is 98.5 volts. The meter current is, 
therefore, 98.5/150,000 = 0.00065 ampere; this is also the cur- 
rent flowing through the ground resistance. The resistance of 
the ground is found by dividing the voltage across it by the cur- 
rent through it, or 14/0.00065 == 21,500 ohms (nearly). 

18-6. Noisy Reception. — If the complaint is noisy recep- 
tion, it is possible that it may be caused by a defective tube, 
a loose connection, some broken wires, one or more arcing com- 
ponents within the receiver, or by a faulty antenna system. It 
is also possible that it may be due to unfiltered or faulty elec- 
trical appliances or machinery operated in the vicinity of the 
radio receiver or antenna (these causes are discussed in detail 
in Chapter XXX). 

While the noise is being received strongly, disconnect both 
the lead-in and ground wires from the receiver terminals. (Of 
course, the broadcast program may not be heard when this is 
done.) Usually, it is also best to short-circuit the ^*Ant" and 
'^Gnd^' terminals of the set by a very short piece of wire. If the 
noise does not disappear or decrease in strength when this is 
done, the trouble is most likely in the radio apparatus itself. 
On the other hand, if the noise does disappear or dimimshes in 
strength, it may safely be assumed that the source of the noise 
is located outside the receiver. In this case the problem is more 
diflicult, for the disturbance may be set up by an electrical 
device which may be located in sorae inaccessible place, per- 
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haps hundreds of feet away from the receiver or the aerial. 

The complaint of noisy rece'ption is such a common one with 
modern receivers of high sensitivity, especially with the use of 
many electrical appliances in the modern home, that the differ- 
ent tests and apparatus required to track down and eliminate 
sources of noise will be considered in detail in Chapter XXX. 
This phase of radio servicing is a special field in itself, and often 
taxes both the skill and patience of those engaged in it. 

18-7. The Main Units of the Receiver. — ^If the foregoing 
tests do not disclose the cause of the trouble, or if the receiver 
does not operate at all, attention must be directed to the re- 
ceiver itself. There are several preliminary tests which should 
be made for they will often enable the service man to quickly 
localize the trouble in the receiver without removing the chassis 
from the cabinet or using any meter equipment. Before sug-c 
gesting any preliminary tests, let us review the general types of 
receivers that may be encountered in service work. 

There are two main types of broadcast receivers in common 
use in the United States at the present time: the tuned radio- 
frequency type of receiver and the superheterodyne, the latter 
having attained great popularity during the past few years. Of 
course, receivers of different manufacturers and of different 
dates of manufacture differ greatly as to individual circuit and 
tube arrangements, parts design and layouts, etc., but they all 
may be resolved into these two main types. Every radio re- 
ceiver consists of several separate electrical units, each of which 
performs a distinct function. These units are all assembled 
and wired together on a single chassis, but, for purposes of re- 
ceiver analysis, it is more convenient to consider them separately. 

The usual tuned-radio-frequency type of broadcast receiver 
consists of the tuner and radio-frequency amplifier for ampli- 
fication of the carrier; the detector, ho remove the audio com- 
ponent; the audio-frequency amplifier for the amplification of 
this audio; the loud speaker, and the power supply. A simple 
block diagram showing these units in their proper sequence, from 
left to right, as the radio signal progresses through tbena is shown 
in Fig. 18-4. The block diagram showing the units of the super- 
heterodyne receiver is presented in Fig. 18-5. A study of this 
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diagram shows that the signal impulses progress from the an- 
tenna to the r-/ amplifier, which amplifies the signal; thence to 
the first detector or tube (the local oscillator also feeds 

into this tube) where the carrier frequency of the signal is re- 
duced to that of the i-f amplifier; through the intermediate-^ 
frequency amplifier for further amplification; through the 



Fig. 18-4. — The main units of a t-r-f receiver shown in proper 
sequence, from left to right, as the radio signal passes through them. 

second detector for the removal of the audio component; through 
the audio amplifier for the amplification of the audio component; 
and finally into the loud speaker. The. power supply unit fur- 
nishes the necessary voltages to operate the tubes in each of 
these systems. In many superheterodynes, particularly of the 



Fig. 18-6. — The main units of a typical superheterodyne receiver 
shown in their proper sequence, from left to right, as the radio signal 
passes through them. 

midget type, the r-f amplifier ahead of the fibrst detector is 
not employed, the signal being, fed directly to the first-detector 
or ^'mixer^' tube. Also, in many receivers the functions of 
cillator*^ and '^mixer*' are performed simultaneously by a single 
pentagrid converter tube. 

18 - 8 . Preliminary Tests on the Receiver Proper.'-^There 
are several simple tests which usually enable the service man to 
tell in just which of the main portions of a receiver trouble may 
exist. These tests are as follows: 

If the detector tube is tapped sharply with the finger and a 
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ringing sound, or "‘bong"', is heard, it indicates that the audio- 
frequency amplifier, the reproducer, and the power-supply unit 
are at least operating.* If this is the case, pass on to the next 
test. If no ringing sound is produced, attention should be direct- 
ed to indWidual analysis and tests of each of these parts. These 
tests will be considered in Chapters XX, XXl and XXII. An- 
other detector test consists of placing either a finger or the 
aerial lead-in on the grid terminal of the detector tube while 
it is in its socket. A loud hum should be heard if the 
detector, audio amplifier, reproducer and power-supply sys- 
tems are functioning. If the detector is a screen-grid tube, the 
tube test should be applied to the control-grid cap of the tube — 
with the connecting clip removed. If this test fails to indicate 
trouble, then the radio- or intermediate-frequency sections of 
the receiver are at fault or the detector is of the “diode"' type, 
in which case the “hum-response'" test cannot be used- At any 
rate, the detector, audio amplifier, reproducer and power supply 
have been eliminated from our consideration for the time being 
if the “finger response"" test give a “positive" result. 

Suppose the receiver is of the t-r-f type and these tests show 
the detector and parts following it to be operating; then the 
next step is to locate the portion of the radio-frequency ampli- 
fier in which the trouble lies. Localization in the r-f amplifier 
can be effected by first removing the last r-f amplifier tube from 
its socket and inserting the end ' of the lead-in wire into the 
plate hole of the socket of this tube, so that it makes contact 
with the plate-prong contact spring. The receiver should then 
be tuned to a local station (one which is normally received very 
loudly) to see whether any reception can be obtained (weak, of 
course). If this stage proves satisfactory, the tube should be 
replaced; the tube from the stage immediately preceding should 
be withdrawn and the lead-in wire placed on the “plate"" con- 
tact spring of that tube socket. This procedure should be con- 
tinued imtil the inoperative stage is found. 

This method cannot be used in superheterodyne receivers 
because the tube usually preceding the second detector ’is an 

♦Note: In receivers employing all-metal tubes, jtube-tapping, 

etc., may not produce any such sounds, since in these tube® the ele- 
ments are supported more rigidly. 
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intermediate-frequency amplifier, which is tuned, in most in- 
stances, to a frequency lower than that of the broadcast band. 
When this is the case, a quick test can be performed by tapping 
or touching the control grids of the i-f amplifier or amplifiers, 
first detector, oscillator and r-f tubes, in turn, with the end of 
the lead-in wire. A loud “click^^ should be heard when this test 
is applied, and the strength of the click should increase as the 
amplification of each stage is added to the circuit. This test, 
however, will not disclose inoperation due to mis-alignment of 
the tuned circuits. 

Still another method which many service men use to isolate 
receiver .failures quickly, is to quickly remove and re-insert each 
tube in its socket, noting the intensity of the clicks produced in the 
loud speaker. This test should start with the last audio tube. If 
no click is heard upon removing a tube, it is almost certain that 
the faulty stage or circuit has been located, and that pafticular 
part of the receiver should be tested thoroughly, at once. This 
method however, should be employed as little as possible, especial- 
ly in the audio amplifier portion of the receiver, since the surge 
caused by the rapid removal and insertion of an audio tube may 
cause the primary or secondary winding of an audio transformer 
to break down. Removal of power tubes while the set is operating 
may also damage or puncture electrolytic filter condensers be- 
cause of the increased voltage stress placed upon them due to 
the surge caused by th^ almost instantaneous reduction in the 
load current. 

As each tube is being tapped to determine the condition of 
the audio amplifier, it is well to listen for a peculiar type of 
musical ^'bong'^ that indicates loose elements. When a tube is 
good and when the stage to which it connects is in working 
condition, the musical note heard upon tapping the detector or 
first-audio tube is clear and sharp. But if the tube has one or^ 
more loose elements, the note will be raspy, erratic, and some- 
times will increase and decrease in strength several times before 
dying out. Such a tube should be replaced and the test con- 
tinued. 

18-9. Value of the Preliminary Tests.— The reader may 
well inquire at this point why, if the radio set analyzers studied 
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in Chapters XI to XIV are so helpful and important in radio 
service work have they not been mentioned thus far in the tests 
described for locating trouble in the receiver? The answer to 
this logical question is that, while the service man could start 
trouble shooting by immediately bringing his analyzer into use 
and checking all readings at the various tube sockets in the re- 
ceiver in order to locate trouble, it has been found by experience 
that many radio receiver troubles are of such natxire that they 
may be determined more quickly if the preliminary tests men- 
tioned thus far in this chapter are made first, provided that the 
trouble symptoms are common ones. After these tests are un- 
derstood and practiced for a short time, they take but a few 
minutes to perform, and are carried out almost automatically by 
experienced service men. If they show the trouble to exist in the 
antenna system, no time need be wasted in testing the entire 
receiver. Localization of the cause of inoperation (or poor op- 
eration) of the antenna system should then be attended to. Like- 
wise, if these tests show definitely that the trouble exists in the 
detector circuit, or in the i-f or r-f amplifier, the set analyzer 
may then be used to test the circuits of the tube in the particular 
stage suspected — ^without spending the time necessary to test the 
circuits of all the other tubes. 

If the receiver will not operate at all and these primary tests 
do not provide any clue to the possible source of the trouble, the 
set analyzer must be resorted to, and the circuits of each tube 
must be analyzed completely with it. At most, only a few min- 
utes will have been lost by having made the preliminary tests first. 

18-10. Limitations of the Preliminary Tests. — ^These pre- 
liminary tests are of value only when some sort of sound can 
be heard from the loud speaker. If the speaker, for example, is 
inoperative, no finger or tapping tests can reveal the trouble — 
the set will act in exactly the same manner as if the tubes had 
no plate voltage. Even after tapping the detector tube and 
hearing the desired ^'bong^^ it is by no means certain that all 
tubes and circuits following the detector are in good condition. 
The only thing that is certain is that any signal that does 
reach the detector will be amplified to some extent by the audio 
system — ^possibly not enough. If the complaint of the customer 
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is that the receiver has normal volume but distortion, no amount 
of finger-tap testing will reveal the trouble. The main vir- 
tue of these tests is, then, that they enable the service man to 
get a general idea of the operation of the receiver in a very 
short time, and may indicate where the trouble lies — quickly. 
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REVIEW QUESTIONS 


Formulate a set of questions which the service man should 
ask the set owner upon arrival at his home. Explain just how 
the answer to each question will assist the service man to diag- 
nose the trouble quickly in many instances. 

Explain briefly the procedure followed in checking the effi- 
ciency of an antenna system. 

If a loud “click” is heard when the ground wire is touched to the 
“ground^’ terminal of the receiver, what does this indicate? 
Explain how to make a rapid test of a receiver to determine 
whether or not a complaint of noisy reception is caused by the 
receiver itself. 

Why is the practice of removing the aerial and ground wires 
from a receiver to determine the cause for noisy reception in- 
sufficient in most cases? 


Will a ringing sound be produced in the loud speaker if the 
detector or audio tubes in a receiver axe tapped sharply with 
the finger? What does this indicate? Why cannot this same 
test be applied to the tubes in the radio-frequency amplifier? 
Row may the r-f amplifier stages be tested quickly if a receiver 
is inoperative and the test mentioned in the previous question 
shows the detector, audio amplifier, and reproducer to be oper- 
ating properly? 

Explain why it is usually best to make preliminary routine 
tests on a receiver before using the set analyzer. 

Why is the practice of removing a power tube to determine the 
condition of that stage by listening for a “click^* inadvisable? 
Make a list of the different preliminary tests which should be 
made on an inoperative electric receiver before employing the 
set analyzer. 


Explain how each of the tests in Question 10 are made. 
Explain the value of each of these tests. 

of the foregoing tests and explain in detail just 
what troubles might he revealed by their use. 

(а) If. an ohmmeter were used to check the insulation between 

the aerial Circuit and the ground, what would it read if the 
insulation were very good? * 

(б) What would the meter read if the ohmrneter test were 
made on a shorted” lightning arrester? 

Describe briefly the manner in which the service man may iso- 
late the cause for the inoperation of a superheterodyne receiver 
by means of preliminary tests before using the set analyzer. 
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PECULIARITIES OF AVC AND QAVC CIRCUITS 
(Tuning Indicators) 

19-1. Automatic Control of Volume. — Many troubles as- 
sociated with modern radio receivers are caused by some failure 
in the automatic-volume-control (abbreviated avc) system. In 
most instances, these failures cannot be checked and located 
by ordinary voltage-current analyzers, since very high resistances 
are employed in avc circuits, and the connection of an ordinary 
voltmeter to these circuits will often alter the existing voltages 
considerably (see Art. 2-19) even if high-resistance tj^e volt- 
meters are employed. Of course, the use of a vacuum tube volt- 
meter overcomes this difficulty, but V.T. voltmeters can hardly 
be classed as common instruments possessed by most service 
men. In any event, the presence of extremely high resistances 
in avc circuits may prevent accurate voltage meaWements with 
the instruments which most service men possess. For this reason, 
the determination of receiver failures caused by trouble in the 
avc circuit requires an intimate knowledge of the “whys and 
wherefores” of automatic-volume-control systems. Of course, it 
is true that these troubles may be located through the use of 
point-to-point tests, but, by knowing the purpose of the various 
common circuit arrangements and methods for securing avc 
action, a much better understanding of the problems which may 
be encountered will be had. 

Automatic-volume-control systems have been designed in 
order to reduce the necessity for repeated manipulation of the 
volume-control knob of radio receivers, and to prevent over- 
loading of the amplifier tubes on strong signals. In the average 
receiver of a few years ago, when the signal of a powerful 
broadcast station was tuned in (with the volume control setting 

•,441 
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unchanged) after the tuning controls had previously been set 
for a weaker station, the strong signal from the powerful station 
would roar in very loudly and uncomfortably. The volume con- 
trol would have to be manipulated to reduce the sound to a com- 
fortable level. Similarly, it was necessary to remember to in- 
crease the setting of the volume control when the receiver was 
tuned from a powerful station to a weaker station. The use of 
automatic volume control has remedied this condition by provid- 
ing a means whereby setting the volume control for a weak sta- 
tion will not produce sudden, loud blasting when passing the 
carrier wave of a strong signal. In other words, 

the automatic volume control continuously and auto-- 
matically adjusts the sensitivity of the receiver, so that 
the signal input to the audio amplifier remains fairly 
constant, within certain limits, over a wide range of 
received signal strengths. 

The loudness level desired is set by the manual volume-con- 
trol setting. If the signal from a distant station is much weaker 
than that from a local station, when the weak signal is being 
received the avc increases the amplification of the receiver by 
a sufficient amount so that the weak signal is amplified to the 
point where it will be heard at the desired volume level. When 
a very strong signal is being received, the reverse action takes 
place. In other words, the avc system may be considered as an 
automatic electric valve that raises the sensitivity of a receiver 
when weak signals are being received, and automatically lowers 
it when strong signals are received. 

The signal from a loud local station requires but a fraction 
of the amplifying possibilities of the receiver in order to be 
heard at comfortable volume; the signal from a very weak or 
distant station may require more than the amplifying ability 
of a certain receiver in order to be heard with the same 
volume as the stronger signal. This means that a very weak 
signal, in spite of the avc system, may not be amplified suffi- 
ciently to produce the desired volume. The avc system is not a 
cure-all for insensitive sets; it is merely a device to adjust what- 
ever amplifying ability a set has, to suit particular si^al 
strengths. When a receiver with a good avc system is tuned from 
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one end of the scale to the other, most of the stations will be heard 
with the same volume. The only stations that will be heard 
very weakly are those which require more amplification than 
the receiver is able to produce. 

The possibility of distortion is also less with receivers 
equipped with good avc systems. Since the avc system keeps 
the input to the audio system at a nearly constant level for a 
fixed setting of the manual volume control, it is clear that de- 
signers of radio sets may adjust this level so that the audio 
tubes are never overloaded under normal operating conditions. 
This is probably the most important feature of the avc system 
from the standpoint of the service man. 

From the discussion thus far, it is clear that for the tuning- 
dial settings between stations, the signal strength is zero and 
therefore the sensitivity of the set is maximum. This means 
that any bit of background noise is amplified with the receiver 
operating at its maximum amplification condition, so the noise 
is heard loudly. But when a station is tuned in, the sensitivity 
of the receiver drops, and the amplification of the noise drops. 
In fact, when a fairly loud signal is tuned in, the background 
noise may drop out completely, only the desired signal being 
heard. This fact may be used to good advantage by the ser- 
vice man to determine if a receiver is provided with avc, 
without tracing the circuit or examining the circuit diagram. 
But this check is not always valid either. If the noise level is 
greater than a weak signal, then it will be the noise that will drop 
the sensitivity of the set, and the weak signal will disappear al- 
together. The rule is, then, that the noise will drop out only if it 
is weaker — ^much weaker — ^than the signal being tuned in. 

Another advantage of the avc system is its ability to main- 
tain the level of fading signals constant. The manner in which 
this is done is simple. As a station fades out, either slowly or 
rather rapidly, the sensitivity of the set is automatically in- 
creased, and the signal is amplified more; the reverse is true 
when the signal strength builds up to more than its average 
value. This ability is not so important in receivers designed for 
home use as it is fbr those sets intended as automobile receivers. 
As will be discussed in Chapter XXVII, the field strength of a 
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signal varies greatly as the automobile in which the set is placed 
passes under or over bridges, through tunnels, close to steel 
buildings, etc., and it is jthe purpose of the avc system to main- 
tain the output level faMy constant with widely fluctuating sig- 
nal strengths. It is evident that auto-radio receivers must be 
extremely sensitive in order to amplify the very weak signals en- 
countered at certain times, and must be provided with very ef- 
fective avc systems. 

There are many other peculiarities of avc systems that can 
be appreciated only after a study of the systems themselves 
has been made. They will be discussed at various places in 
the following part of this chapter. 

19-2. Action of Several Typical AVC Circuits. — The fun- 
damental purpose of the avc system is to vary the amplifica- 
tion produced by the r-f and/or i-f amplifier of a radio receiver 
in inverse proportion to the strength of signals received — loud 
signals are amplified proportionately less than weak signals. 
There are several ways in which this may be accomplished. 
In one, the signal is fed to a tube and the plate resistance 
of this tube is shunted across the primary of an r-f or i-f 
coupling transformer. A loud signal will lower the plate re- 
sistance of the tube and thereby increase the shunting effect on 
the transformer — decreasing the amplification of the stage con- 
nected to the amplifier. This method was used in some re- 
ceivers, but was later discarded because sufficient control could 
not be obtamed with it, and because the decrease in amplifica- 
tion was not proportional to the loudness of the signal. 

Another method is to feed the signal to a tube, and by 
means of certain circuit arrangements automatically vary the 
screen-grid voltage of one or more amplifier tubes in the receiver 
in proportion tq the strength of the incoming signals. On loud 
signals the screen-grid voltage is lowered; on weak signals it is 
raised. In this manner the amplification of aiiy particular tube 
can be automatically controlledi This idea is shown in the 
circuit diagram of Fig. 19-1. Part of the signal from the last 
i-f stage of a superheterodyne (the form of home and auto re- 
ceiver now in general use) is applied to the control-grid of a triode 
(the avc tube) biased so it acts as a linear, or grid-bias detector 
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^via the coupling condenser With no signal, the avc tube 
is biased so that its plate current is very nearly zero. This 
means that the voltage drop across is nearly zero; hence, 
practically the full R+ screen voltage is applied to the r-f 
and i-f tubes under avc control. But when a signal is applied, 
plate current starts to flow in the plate circuit of the avc tube. 
This increases the flow of current through resistor and 
therefore increases the voltage drop across it. Consequently, 



Fig. 19-1. — Th€ circuit arrangement of a simple avc system in 
which the avc tube controls the screen voltage of the r-f and i-f tubes 
in the receiver so as to vary the ampliflcation they produce. 

the potential of point A decreases, which means that the screens 
of the amplifier tubes now have less voltage applied to them. 
This reduces the amplification produced by these tubes. Since 
the avc tube is operated as a grid-bias, or linear, detector, the 
d-c plate current is proportional to the signal strength, and 
hence the drop in screen voltage is proportional to the signal. 
By using this circuit arrangement, good avc was secured in many 
receivers- 

The disadvantage of this system is that the amplifier tubes 
operate as detectors when the screen voltage is too low. Conse- 
quently any interfering signal is rectified in the first tube under 
avc control and passed on to the audio stage. Interference will 
be obtained no matter how many timed circuits follow this 
first controlled tube. This unfortunate state of affairs means 
that designers cannot control the first few tubes in a receiver 
when this system is used, because the selectivity is needed. 
If only a few tubes are luader avc control, there will not be 
enough avc action for constant output. 

It was with exactly these difficulties in mind that the remote 
cut-off (variously called extended cut-^off, exponential, or vart- 
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able-mu tubes) such as the type '58 were designed. The control 
grids of these tubes are so constructed that, regardless of the bias 
applied, rectification of the signal cannot take place. These tubes, 
then, are ideally suited for use in avc circuits. By merely varying 
the control-grid bias, the amplification factor of the tube may be 
varied, and it can never detect sufficiently to give an inter- 
fering action. 

Just about the time when this type of tube (the '58, '78, te- 
trode section of the 2A7 and 6A7, etc.) was developed, there 
arose a demand for a diode rectifier, similar to the type '80 but 
smaller, which could be built into the same glass envelope with 
a triode or pentode. The diode (two element) is essential be- 
cause it is one of the few simple tube structures which produces 
a d-c current proportional to the carrier wave of a signal. This 
tube is now widely used as a detector (rectifier) in conjunction 
with variable-mu amplifier tubes. An extra tube is sometimes 
used to provide avc, but most receivers employ a single duo- 
diode triode tube for performing the function of diode detector 
and avc tube. 




Fig. 19-2. — Two diode detector and avc circuits. In that at (A) 
the detection and avc action occur in the same circuit. At (B), th© 
detection and avc action take place in two separate circuits. 

Fig. 19-2 (A) shows the typical circuit arrangeinent em- 
ployed with one form of such a combination tube. The two 
diode plates Di and X> j are connected together and to one si4® 
of the last i-f transformer secondary. The signal voltage is 
rectified (because no current can flow when the diode platen 
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negative) and flows through resistor 11 ^. This resistor will be 
^^positive’^ (as far as the signal is concerned) at its grounded 
end. A wire from the negative end then connects to the con- 
trol-grid return leads of the tubes under avc control, as will 
be shown later. Since rectification takes place in this diode 



Pig. 19-3. — Controlling the grid bias of amplifier tubes by avc 
action obtained from the tridde section of a duo-diode triode tube in 
the receiver. This circuit is shown in simplified form in Pig. 19-4. 

circuit, the audio portion of the signal also appears across it, 
so the arm of this potentiometer connects to the audio circuit. 

Some engineers prefer to keep the rectification (same as 
detection) separate and distinct from the avc action. This may 
be accomplished very simply by connecting to Dx through a 
small condenser Cc as shown in (B) of Fig. 19-2. Co serves the 
same purpose here as C<, in Fig. 19-1. The rectified current due 
to JDjt goes to the audio amplifier, and that due to D* to the 
avc lead. Each diode plate has its own resistor across which 
the rectified voltage appears, as shown. 

Figure 19-3 shows the circuit of a typical avc system. Diode 
Db rectifies the signal, a small portion of which is taken from 
Djt through condenser C7c. This rectified current produces a 
voltage across resistor E 4 , Now the voltage across R 4 is of a 
pulsating nature, and it therefore contains an average d-c value 
and an alternating value; the alternating value is composed of 
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the r-f carrier and the audio. The audio is there for exactly the 
ffftTTfcft reason that it appears across Itsf or iri the plate circuit of 
any detector tube. For purposes of avc, all of the alternating 
components must be eliminated; only the d-c is wanted. It is 



Fig. 19-4. — The main parts of the circuit of Fig. 19-8 are 
arranged here in simplified form for purposes of study. 

the purpose of condensers Ct, C$, Cs and resistors Bx, B$ and JRj 
to filter out this alternating component and leave only the d-c. 

Cs and Bs are made large enough so that once Cs charges 
to the value determined by the strength of the signali any varia- 
tions due to audio or r-f are so fast that this condenser cannot 
take on more charge or give ofi some of its existing charge in 
synchronism with the signal; hence, the voltage across Cg is 
constant, and equal to the d-c value of the voltage across JB 4 . 
A further examination pf this circuit, re-drawn in more sim- 
plified manner in Fig. 19-4, shows that it is the voltage across 
Cs that varies the bias on the controlled tubes. This is ex- 
plained in the following maimer. 

The voltage across Bj^ is applied to 0's through Bg, These 
latter two have such large values that> with a given strength 
of carrier, the voltage across Cg is constant, regardless of the 
audio variations (of course, if the audio variation are too 
the r-f variations will certainly be too fast)* How the grid 
bias of any tube is the bias from grid to cathode. This means 
that the biases of the amplifier tubes shown are the sum of the 
voltage across Bi,, determined by the plate current of the par- 
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ticular amplifier tube, and that across R 4 . The resistors Itir 
Rt and do not drop this "voltage because the grids of the 
tubes never draw current, and there can be no voltage drop in a 
resistor unless there is current through it. 

If a stronger signal is tuned in, the d-c value of the voltage 
across Rj^, and hence across Ca, rises, increasing the total bias 
applied to the tubes, which reduces the amplification of the tube; 
the reverse takes place when the signal strength decreases. If 
the signal should suddenly change in intensity for any reason, 
the voltage across Ca changes, and the bias on the tubes shifts 
to accommodate the new signal level. It is interesting to note 
at this time that if the signal strength changes fast enough, due 
to very rapid fading for example, the voltage across C, may 
not be able to follow it, and automatic compensation will not 
occur. The design of the receiver should be such that the volt- 
age across Cs can respond to changes that occur not faster than 
about one every 0.05 second. 

19-3. AVC System Using a Triode as a Diode. — One 
avc system employs a three-element tube as a diode detector, as 
8 ho"wn in Fig. 19-5. The incoming signal is converted, or rec- 


Fig. 19-6. — An avc 
system in which a 8- 
element tube is used 
as a diode detector. 
The avc voltage con- 
trols the grid bias of 
the r-f and i-f tubes. 



tified, by the diode detector into a d-c and a-f signal. The rec- 
tified signals appear across R and Rt, and are proportional to 
the strength of the carrier voltage. Since the d-c component 
fiows through J 2 and JR 1 , increases or changes in carrier signal 
strength vary the voltage drop across resistors R and Ri. The 
d-c voltages thus developed are applied to the control grids of 
the i-f (or r-f) tubes, varying the amplification produced by 
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these tubes. The greater the signal strength, the greater the 
voltage impressed on the grids, and, consequently, the lower 
the amplification. 

19-4. Purpose of Condensers in A VC Circuits. — ^The con- 
densers utilized in avc circuits serve definite purposes. In Fig. 
19-6, condenser Ci is used to by-pass the high-frequency signal 
around R and Ri so as to obtain maximum signal voltage at 
the tube. Its capacity is usually some value between 0.0001 
mfd. and 0.0006 mfd. Condenser C*, on the other hand, charges 
'up like a tank condenser, so that the voltage developed for avc 
purposes does not vary with signal modulation. The capacity 
of this condenser is usually from 0.01 mfd. to 0.1 mfd., although 
a condenser of the same value as Ci has been used in many 
instances. It is interesting to note here that the voltage avail- 
able for audio and avc purposes is not the total voltage across 
R and Ri, but only that across i2jt. The fraction of the total 
voltage is thus Ri/R-{-Ri. 

19-5. Additional AVC Systems. — In one avc system, a 
single triode is employed as both detector and avc tube. The 
avc action is similar to that in the diode-detector avc circuit. 
In the circuit shown at Fig. 19-6, an avc potential is built up 



Fig. 19-6. — ^An avc system in which a single triode is used as 
both a detector and avc tube. The avc voltage developed across 
resistor controls the grid bias on the r-f and i-f tubes. 

across Ri in the following manner. As the signal strength in- 
creases, more grid current flows through the grid circuit of the 
detector avc tube. The greater this current, the greater its d-o 
component, and, since Ri is really part of the grid oincuit, the 
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d-c component of the voltage across it increases^ The audio 
voltage is that across resistor 

The voltage drop thus developed is impressed on the control 
grids of the r-f or i-f tubes under avc control. It is interesting 
to note that in this circuit the grid is not biased in the usual 
fashion. The grid current produces the avc voltage across Bi, 


Fig. 19-7 . — An avc 
system in which a 
screen grid tetrode is 
used as a detector and 
avc tube. The avc 
control voltage is ob- 
tained across grid cir- 
cuit resistor R^. 



the polarity being as shown. This negative bias, generated by 
the signal itself, is what gives the tube its bias to rectify the 
plate current to produce the audio. Hence, rectification takes 
place in the grid as well as in the plate circuit at the same time. 
The grid circuit rectifies because no grid current can flow while 
the grid is negative, and rectification takes place in the plate 
circuit because of the steady bias applied to the grid with a 
steady carrier voltage. 

A type '24 screen grid tetrode tube has been used in a manner 
similar to the type '27 triode, as shown in Fig. 19-7. Here again, 
the avc voltage is obtained across Ri. When a signal of sufficient 
intensity or strength is received, grid current will flow in the 
grid circuit as shown by the arrows. This current produces a 
voltage drop across Bij which is fed to the control grids of the 
r-f (or i-f tubes) thus decreasing their amplification and main- 
taining the volume to the level to which the manual volume 
control has been set. Bg merely supplies a small, steady bias to 
the tube. 

Some very popular commercial receivers use a type '27 triode 
tube as a ‘^double diode”, combining the functions of detector 
and avc in one tube. The cathode and grid form one twp- 
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element rectifier, and the cathode and plate form the other, as 
shown in Fig. 19-8. From the diagram, it can be seen that the 
cathode-grid diode is used to rectify the signal voltage to secure 
the audio component; the cathode-plate diode is used to provide 
direct current in its output circuit to generate the voltage for 
the avc circuit. The avc voltage is built up across resistor Bx, 
connected from the plate of the tube to ground. Since the volt- 



Fio. 19-8. — ^An avc system in which a triode tube is used as a 
double diode, combinini: the functions of detection and avc in one 
tube. The avc control voltage is built up across resistor R,. (Used 
in Stromberg Carlson 22 receiver.) 

age-drop across Rx varies as the strength of the input signal 
varies, a suitable variable voltage is secured which is fed to the 
control-grids of the controlled tubes. 

19-6. AVC with Combination Diode-Type Tubes. ^No 

anaplification is derived from any sort of diode detector. For 
I this reason, dual-purpose tubes were developed in which two 
f diodes and a triode, or two diodes and a pentode, are combined 
in a single glass envelope. Since the diodes and the triode (or 
pentode) are independent of each other, such a tube can be made 
to perform as detector, avc tube, and audio amplifier. The 
types 55, ’75, ’85, 2A6, 2B7 and 6B7 are typical examples of 
such tubes. The triode or pentode portion of the tube is gen- 
erally employed as a triode or pentode audio amplifier, although 
in some cases the tube has been worked '^backwarde^’ the tri- 
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ode or pentode portion being made to serve as an i-f amplifi.er. 
In most instances, however, the two diodes of the tube are tied 
together and connected as shown in Fig. 19-9; they then act as 
a half-wave rectifier. The avc voltage is secured by the voltage 
drop across resistor in the same manner as with the ordin- 
ary two -element diode detector. A lead from the ungrounded 
side of Ri connects to the control grid through a coupling con- 
denser Co. Hence, the audio component of the voltage across 
Ri is fed to the grid for amplification in the usual manner. 
is sufficiently large to supply the necessary bias for the triode 
to act as an amplifier. 

It is clear that if JR* places a negative bias on the grid of the 
tube, the diodes cannot begin to function until the peah value 


Fig. 19-9. — ^An avc 
system in which a 
combination duo-di- 
ode triode tube is em- 
ployed. The avc volt- 
age is the voltage 
drop across resistor 
through which the 
diode current flows. 
(Used in Majestic re- 
ceivers. ) 
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of the signal is greater than this negative bias. In other words, 
the avc action will not commence until a certain signal voltage 
is applied to the diodes of the tube. This point will be discussed 
further in Art. 19-9. 

19-7. Additional Interesting AVC Systems. — Another 
greatly used form of avc system is that shown in Fig. 19-10. 
The avc functions in the usual manner in that the signal voltage 
is supplied to the grid of the ’^7 tube through condenser Ci,. 
and the voltage-drop across resistor Rj^ in the plate circuit 
is the grid voltage applied to the r-f or i-f stages. Since the 
value of the plate current is proportional to the signal voltage 
applied to the grid, inereasing signal voltages cause greater volt- 
age drop across JEj. This results in a higher bias on the rr-f 
and i-f stages, which means less sensitivity. 

In some receivers, instead of coupling the grid of the avc 
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tube to the detector or i-f amplifier through a condenser, the 
output of the i-f amplifier is coupled directly to the grid of the 
avc tube through the secondary winding of the second i -f 
transformer (two i-f stages are used), as shown in Fig. 19-H. 
The action of this avc tube is identical to that described for 
Fig- 19-10. Another secondary, on this same transformer 
couples the signal to the second i-f tube. The main advantage 


TO «RID 



SECONDARY 

Fig- 19-10. — ^Another avc circuit arrangement. The avc voltage 
is taken from across the plate circuit resistor JB_|. The grid of the 
avc tube is coupled to the i-f plate circuit by a condenser. (Used in 
RCA Victor 11 receiver.) 

•of this system is that noise or other signals cannot exceed the 
level for which the volume control has been set. 

Another frequently used avc system is that shown in Fig. 
19-12. Here, a type ’24 screen-grid tube is employed. This tube 
has its control grid coupled to the grid of the second detector 
through a 0.0001 mfd. fixed condenser. When a signal is im- 
pressed upon the grid of the avc tube, an increase in plate cur- 
rent results. This change in plate current, in turn, vaHes the 



466 


OH. XIX PECULIARITIES OF AVC & QAVC CIRCUITS 

voltage drop across plate resistor which changes the control- 
grid voltage of the controlled tubes. Any increase in signal 
strength raises the grid bias automatically, thereby reducing 
volume on a loud signal to a value previously set by the manual 
control. The resistor develops a small voltage equal to that 
across Ri with no signal. In this manner, the no-signal Ri 
voltage is bucked by the R 2 voltage, and the avc potential on 
the controlled tubes is zero. The application of a signal raises 
the Rx voltage and lowers the voltage across R 2 , thus increasing 
the avc potential. The voltage across R^ decreases because in- 


Fig. 19-11. — In this 
avc circuit the output 
of the i-f amplifier is 
coupled directly to the 
grid of the avc tube 
through the secondary 
winding of the last i-f 
transformer. Another 
secondary, couples 
the signal on to the 
second i-f tube, shown 
at the right. (Used 
in RCA victor 60 re- 
ceiver. ) 



SECONDARY 


creased plate current means increased voltage drop in Ra and 
i2^. Since the sum of the voltages across 22*, Ra and R^ must 
equal the total B -supply voltage (which is maintained constant) , 
that across 22* must decrease when a signal is applied. 

An avc system similar to that shown in Fig. 19-12 is illus- 
trated in Fig. 19-13. A type '56 tube is employed as a diode. 
The signal voltage is fed to the grid of the control tube through 
a 0.00026 mfd. fixed condenser connected to the plate of the i-f 
tube. This signa.i develops a voltage across the plate resistor 
Ri. Because variations in the carrier signal will vary the volt- 
age drop across this load resistor, a means is provided for 
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tainiug a variable voltage to be applied to the control grids of 
tbe controlled tubes through suitably designed filters to suppress 
aiiy a-c component that may be present, 

^ 19-8. Necessity for Delayed AVC Systems. — One marked 

disadvantage of the avc systems thus far described is that they 
start to act as soon as the signal reaches the avc tube. Weak 


19-12. — A fre- 
quently used avc sys- 
tem which employs a 
screen grid avc tube 
whose control grid is 
coupled to the grid of 
the second detector. 
The variations in 
plate current of the 
avc tube vary the avc 
voltage-drop across 
This is the avc 
control voltage. (Used 
in Zenith 91, 92, type 
1 .) 
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signals, therefore, cannot receive the full amplification which 
the receiver is capable of supplying. This is so because the avc 
system prevents the receiver from exerting its full amplifying 
properties due to the fact that any input signal impressed upon 
the receiver immediately causes its sensitivity to decrease. 



Pig. 19-18 Hers, 

a triode, connected m 
a diode, acts as the 
avc tube. Signal volt- 
age from the i-f plate 
circuit feeds the avc 
diode. The variations 
in diode plate current 
vary the avc voltage- 
drop across (Used 
in Atwater Krat 810 
receiver.) 


To overcome this serious limitation, a method of automatic 
volume control has been devised whereby the automatic volume 
control action does not begin unless Ihe iucoipii^g sipial is 
or exceeds, a certain strexigth. This is tenned be^ 

cause the (wc action is delayed, i.e., it does not come into play 
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unless a signal exceeding a certain strength is tuned in. In this 
way, much greater power output for weak signals can be ob- 
tained, since no avc is hampering their amplification to the full- 
est extent. 

19-9. Delayed AVC Systems. — One method of securing 
delayed action is shown in Fig. 19-14. A type ^55 tube is em- 
ployed, although a type 75, ’85, 2A6, or 2B7 can be used. The 
diode detector action is separate from the avc, and the secondary 
of the i-f (or r-f ) transformer is in two sections, one for the diode 
circuit and the other for the avc circuit. The triode portion of 
the tube secures its fixed bias by means of Rt, and the return 


Pig. 19-14.— a de- 
layed avc circuit in 
which delayed action 
is secured by arrang- 
ing the circuit so that 
no avc voltage is pro- 
duced across until 
the signal is strong 
enough to overbalance 
the bias voltage across 
R, and make avc di- 
ode plate **posi- 

tive'* with respect to 
the cathode so that 
current can flow 
through R^. 



of the second diode plate is grounded through Ri. Hence D* 
is at a negative potential with respect to the cathode of the tube, 
by an amount equal to the voltage across the bias resistor R%, 
Because of the fact that the two secondary windings are equally 
coupled to the primary of the transformer, the signal voltages 
induced in each half ^ill be equal. The input signal induced 
in Li is rectified by diode Dj, and the audio component is ap- 
plied to the triode grid. The negative second diode plate pre- 
vents the . voltage across the lower section of the secondary 
winding, L 2 , from being rectified until its peak value is greater 
than the bias voltage across Ha because oj the fact that a tube 
cannot function while its plate is negative. Therefore, the sec- 
ond diode plate will produce no avc action imtil signals of suffi- 
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systems, and those described here are but representative of the 
methods used in the numerous types of commercial receivers. It 
is immaterial whether the avc action is obtained by means of a 
separate tube or by means of a single tube serving a dual pur- 
pose — ^the principle is the same. 

19-10. Troubles in Diode-Detector AVC Systems. — ^Per- 
haps the most suitable course to pursue in discussing the troubles 
associated with and due to avc systems is to analyze each system 
described. This can be done more easily by “breaking down^^ 
each avc circuit and determining the symptom associated with 
the failure of any constituent part. 

The troubles usually encountered with any of the diode- 
detector avc systems are few compared to those found in separ- 
ate avc tube systems, because of the independence of the com- 
bination detector-avc action on the receiver power supply. Let 
us suppose, however, that no avc action is being obtained from 
a system similar to that shown in Fig. 19-5. It may be thought 
from this symptom that the diode-connected detector tube is at 
fault, with its plate short-circuited to the grid. Were this the case, 
however, no reception would be obtained at all, since the grid 
would be connected to the plate which is tied directly to the cath- 
ode. If condenser were short-circuited, there would be no avc 
voltage and no audio signal, since resistor Bi would be short-cir- 
cuited, grounding the avc and audio leads. Because of the fact 
that Bt is usually a high resistance unit (approximately 100,000 
ohms or more) leakage in C* due to defective insulation will 
result in diminished avc and audio output, as any voltage varia- 
tions across the resistor Bi would be smaller because of the 
smaller value of Bi. No avc action could be obtained if JBi 
were open-circuited, and the receiver would operate weakly, if 
at all. This resistor is almost invariably a carbon type unit, 
and, although it will seldom, if ever, be found open-circuited be- 
cause of the small current through it, it is more or less subjected 
to the common failures of carbon resistors, so far as the method 
of fastening the pigtails to the carbon element is concerned. A 
poor contact here will result in a high resistance, and, should 
the value of Bt be much larger than it should be, the voltage 
across Rt compared to R ^Bt will be much larger than neces- 
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systems, and those described here are but representative of the 
methods used in the numerous types of commercial receivers- It 
is immaterial whether the avc action is obtained by means of a 
separate tube or by means of a single tube serving a dual pur- 
pose — ^the principle is the same. 

19-10. Troubles in Diode-Detector AVC Systems. — ^Per- 
haps the most suitable course to pursue in discussing the troubles 
associated with and due to avc systems is to analyze each system 
described. This can be done more easily by ‘‘breaking down” 
each avc circuit and determining the symptom associated with 
the failure of any constituent part. 

The troubles usually encountered with any of the diode- 
detector avc systems are few compared to those found in separ- 
ate avc tube systems, because of the independence of the com- 
bination detector-avc action on the receiver power supply. Let 
us suppose, however, that no avc action is being obtained from 
a system similar to that shown in Fig. 19-5, It may be thought 
from this symptom that the diode-connected detector tube is at 
fault, with its plate short-circuited to the grid. Were this the case^ 
however, no reception would be obtained at all, since the grid 
would be connected to the plate which is tied directly to the cath- 
ode. If condenser were short-circuited, there would be no avc 
voltage and no audio signal, since resistor Ri would be short-cir- 
cuited, grounding the avc and audio leads. Because of the fact 
that is usually a high resistance unit (approximately 10O,OOD 
ohms or more) leakage in C* due to defective insulation will 
result in diminished avc and audio output, as any voltage varia- 
tions across the resistor Ri would be smaller because of the 
smaller value oi Ri. No avc action could be obtained if Ri 
were open-circuited, and the receiver would operate weakly, if 
at all. This resistor is almost invariably a carbon type unit, 
and, although it will seldom, if ever, be found open-circuited be- 
cause of the small current through it, it is more or less subjected 
to the common failures of carbon resistors, so far as the method 
of fastening the pigtails to the carbon element is concerned. A 
poor contact here will result in a high resistance, and, should 
the value oi Ri be much larger than it should be, the voltage 
across Ri compared to R Rt will be much larger than neces- 
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sfury, resulting in overloading of the audio stage and too much 
avo action. 

Should one of the by-pass condensers, Cj, become leaky, the 
avc voltage developed across Rt will not be applied to the con- 
trol-grid of the tube in whose stage the leaky condenser C, is 
connected, since this voltage is short-circuited. The resistors 
Rn and and their associated by-pass condenser Ca are em- 
ployed to prevent interstage coupling; therefore, instability and 
oscillation will result if the avc voltage is fed directly to the 
control-grid circuits of these stages because of short-circuited 
resistors Ef and Ba- 

Another complaint frequently encountered with diode-detec- 
tor avc systems is that of too strong an avc action. It may be that 
the receiver does not possess sufficient sensitivity for the weak 
signals received. But if it is found that the control-grid bias on 
the controlled tubes is too high when the receiver is timed to a 
station, in all probability the resistor Ri has too high a value, 
producing too much avc voltage for the signal strength of the sta- 
tion. It should be noted that if Bt is just a little higher than it 
should be, the audio output increases and the avc voltage in- 
creases. However, upon increasing Ri, a point is soon reached 
where the avc voltage becomes so great that the sensitivity of the 
receiver drops to a fraction of what is required for normal audio 
output; then, of course, the volume will be low. There is no 
fixed rule as to what value Ri should have in order for the audio 
volume to drop appreciably. If the correct value of Bt is un- 
known, the best procedure is to remove it and substitute others, 
one at a time, until best results are obtained. If, on the other 
hand, the avc action is insufficient to successfully reduce the 
sensitivity of the receiver on powerful signals, it will be neces- 
sary to substitute a higher value of Bt in order to obtain a greater 
voltage drop. 

In the event that condensers Ca, by-passing the isolating 
resistors Ba and Ra, should become short-circuited or leaky, a 
severe motorboating may be experienced as the receiver is tuned 
from one station to another, and it will be difficult to properly 
set the station selector at the resonant point. This condition 
is due largely to the fact that as the avo voltage is diminished, 
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the circuits of the tube or tubes in which condensers 0$ are 
connected will operate at full sensitivity because of the lack of 
this control voltage, and too much sensitivity will always result 
in motor-boating unless special precautions are taken to prevent 
it. Open-circuited condensers, however, will result in oscilla- 
tion, low sensitivity, fading and intermittent reception because 
of interstage coupling due to insufficient filtering. Usually, the 
resistance of a leaky condenser varies, and for that reason the 
avc control voltage fed to that stage will vary, thus causing 
fading and intermittent reception. 

In the circuit shown in Fig. 19-7, in which a type 24 tube is 
used in the same manner as the type 27 — as both detector and 
avc tube — ^the same symptoms described here will also apply. 

19-11, Troubles in Double-Diode AVC Systems. — In 
the ‘^double diode” detector and avc system shown in Fig. 19-8 
a cause for complaint may be traced to resistor When this 
unit is open-circuited, the avc system will be inoperative and 
the total grid bias will be ^^zero”. Also, there will be no avc action 
if any or all of the by-pass condensers Cs should short-circuit 
or become leaky. In this case, however, the defect will be mani- 
fested by the fact that the receiver will operate ^^wide open” — 
at full sensitivity — since the control bias on these stages will 
be short-circuited, leaving only the fixed bias in the individual 
stages. If Ri is open, however, the grid bias on each controlled 
tube will be zero, since the avc voltage is in series with the fixed 
tube bias (see Fig. 19-4). 

In the avc system shown in Fig. 19-9, which employs a type 
^55 tube, the diode portion of the tube is, in most instances, used 
for both detection and avc. For this reason it is subject to the 
same failures common to any other diode-detector avc system. 
The triode or pentode portion of the tube usually serves as 
either an audio, r-f, or i-| amplifier. Should either, or both, of 
the diodes short-circuit to the common cathode sleeve of the 
tube> the receiver will become inoperative. There may be in- 
stances, however, where some reception will be obtained when 
the short circuit does not have zero resistance. Since the two 
diode plates in most systems are tied together (usually not in 
delayed avc systems) , and are connected to the high side of the 
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secondary winding, the short-circuiting of one of the diodes to 
the cathode due to loose elements or other causes will result 
in total inoperation. As with the diode avc-detector, insuffi- 
cient avc action may be overcome by substituting a higher value 
of resistance for jKi. 

An unusual condition characterised by the tuning-in of sig- 
nals with a '‘plop’’, and difficulty in setting the station selector 
at resonance, may be experienced. This condition may be 
remedied by reducing the value of the resistor employed as the 
voltage-dropping resistor, Rx- 

19-12. Troubles in "Separate AVC Tube” Systems. — ^The 
most common trouble encountered with separate avc tube sys- 
tems is “weak” or “no” reception, generally caused by a poor 
avc tube. This tube is invariably biased near its plate-current 
cut-off point, that is, biased until no plate current flows when no 
signal is impressed. The first step to be taken in diagnosing a 
complaint of this kind is to check the tube used in the avc 
stage. A gassy or a too high-emission tube will pass plate cur- 
rent before a signal is applied, thus generating an avc voltage, 
and reducing the amplification of the r-f or i-f tubes. A method 
of testing for this trouble is to tune the receiver to some weak 
station and then withdraw the avc tube from its socket. If the 
volume increases considerably, the tube should be replaced. In 
some cases it may be necessary to try several tubes before a 
satisfactory one is found. If it is established that the trouble 
could not possibly be a poor tube, the grid voltage impressed on 
the avc tube should be checked. If this voltage is too low, the 
tube will pass plate current with no signals, and so reduce the 
sensitivity of the receiver because of the excessive voltage ap- 
plied to the control grids of the r-f or i-f tubes. 

Very often, totally inoperative receivers are found that can- 
not be made to deliver signals imtil tjie avc tube is withdrawn 
from its socket. A socket analysis of the receiver almost al- 
ways discloses an abnormally high control-grid voltage on the 
avc controlled tubes with the avc tube in its socket. This high 
bias definitely points to the fact that excessive avc voltage is 
being developed by the control tube. As a general rule, the 
carbon resistors which are almost universally used in aye cir- 
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•cuits do not change in value unless the unit open-circuits en- 
tirely. If the voltage-dropping resistor in the plate circuit of 
the avc tube were open-circuited, no avc action could be ob- 
tained, and a complaint of this kind could not be produced- The 
only remaining possibility is that of insufficient (or lack of) bias 
voltage on the avc tube. This may be due to the open-circuiting 
of some resistor in the grid circuit or to the presence of leaky by- 
pass condensers. 

If it is found that normally powerful signals are received 
weakly and normally weak signals not at all, and a socket an- 
alysis of the receiver discloses an excessive control-grid voltage 
on the tubes in the avc circuit, the trouble can be traced to leaky 
by-pass condensers Cm and Cg, Tig. 19-11, for instance. This 
failure may also be disclosed by the fact that the level of the 
received signals can be increased considerably by removing the 
avc tube from its socket. Since the resistors in the grid circuit 
of a separate avc tube are of high values, usually of the order 
of one megohm or more, leakage of a few thousand ohms in these 
by-pass condensers will be sufficient to neutralize part of the 
grid bias of the avc tube and cause it to pass excessive plate 
current. For this reason, it is necessary to employ a high-range 
ohmmeter or a good condenser leakage tester to successfully 
locate the leaky condenser. Of course, it is simple enough to 
disconnect these condensers while the receiver is in operation 
and note the effect of the removal. When operation is normal 
for a minute or two after the receiver is first switched on, and 
the volume level gradually decreases imtil reception of even pow- 
erful broadcast stations is weak, the avc grid by-pass conden- 
sers should be checked immediately for leakage. 

On many occasions, the complaint of gradual fading after 
the receiver has been operating for some time, perhaps for an 
hour or two, may be received. Leaky avc grid by-pass con- 
densers have been found to cause this condition in receivers em- 
ploying separate avc tubes. 

Quite often, separate avc-tube receivers tune-in stations with 
a '^plop*^ and it is difficult to set the station selector accurately 
at the resonant point. These symptomB are usually caused by 
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excessive avc action. In this case, the avc grid voltage is not 
at fault. Excessive avc action may be traced to too much 
heater voltage on the avc tube, and may be corrected by in- 
serting a small %-ohm strip resistor in series with one of the 
avc heater legs. On some few occasions, reduction of the avc 
heater voltage is necessary in order to eliminate this condition, 
despite the fact that the heater voltage is within the rated value. 
Another cause for excessive avc action is the use of a plate re- 
sistor whose value is too high. All that is necessary in this case 
is to reduce its value so that a lower voltage drop will be ob- 
tained across it. 

In many receivers, a separate avc tube is coupled either to 
the plate of the last r-f, i-f or the detector stage by means of 
a small fixed condenser having a value of approximately 0.0001 
mfd. If this condenser open-circuits, no avc action will be ob- 
tained. 

A frequent cause for distortion caused by overloading of 
the r-f or i-f stages, poor avc control, and in some instances 
oscillation and motor-boating, is ^leaky*' or ^'short-circuited” r-f, 
first detector, or i-f grid-return by-pass condensers in the avc 
circuit. If the leakage in these . condensers varies, fading will 
result. Open-circuited condensers, however, will cause weak 
and unstable, operation, often accompanied by station hiss, os- 
cillation and motor-boating. If the open-circuit is of an inter- 
mittent nature, intermittent reception will be obtained. 

19-13. General AVC Troubles. — complaint not infre- 
quently encountered in receivers employing avc is no control of 
volume* By this is meant the inability to reduce the volume 
level by adjustment of the manual volume control. This condi- 
tion will not be experienced where the manual volume control is 
located in the audio portion of the receiver, but only when it 
is in some part of the avc circuit. A very weak avc tube "^11 
produce this symptom in receivers u^ing separate avc tubes. 
In almost every instance, the plate circuit of a separate avc 
tube is at least 100,000 ohms above ground. Leakage or short- 
circuiting, therefore, of any portion of the avc circuit to ground 
will diminish the automatic volume control voltage, and 
the receiver will operate at maximum sensitivity. If 
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this occurs, the full volume of the receiver will be obtained. 

In some receivers, this condition has been traced to leaky 
condensers in the control-grid return circuits of the avc 
controlled tubes ; and in others, to a resistor or choke-coil term- 
inal lug short-circuiting to the chassis at some point. In one 
particular model, the condition was found to be due to leakage 
of the ^^fish-paper’’ insulation used between the can of an elec- 
trolytic condenser (which was below chassis potential) and the 
chassis. A point-to-point resistance test with a high range ohm- 
meter is generally sufficient to isolate this form of leakage. Each 
part of the circuit may b^ disconnected and checked, and by the 
process of elimination, the offending member found. On some 
occasions, however, the leaky condition will clear up as soon as 
the receiver is switched off for the purpose of making a resist- 
ance test. Under these conditions, it will be necessary to dis- 
connect by-pass condensers while the receiver is operating, or 
actually move leads and resistors in their relation to the chassis. 

Some manufacturers have produced a few models of re- 
ceivers in which the avc system has an appreciable time lag. 
In other words, the avc tube takes a large fraction of a second to 
operate, introducing a time lag. This design was incorporated 
for the purpose of reducing inter station noise. In most avc re- 
ceivers not employing silent tuning or noise suppressor circuits, 
the sensitivity of the receiver increases to maximum when the set 
is tuned between stations, because the avc system increases the 
sensitivity until the receiver is tuned to a station. The time lag, 
however, is supposed to be great enough to keep the sensitivity 
low until the dial, turned at a normal speed, reaches the next 
station. This is supposed to y^eep inter-station noise at a low 
level. Because of the time lag, it is difficult to tune a station 
accurately to the point of resonance, and stations will be received 
with a ^^plop.^' The time lag may be reduced by reducing the 
rate of charge and discharge of the avc system; the value of the 
various by-pass condensers may be lowered, or the value of the 
isolating or voltage-dropping resistors may be decreased. 

19-14. Amplified AVC. — ^The designs of certain receivers 
are such that it is necessary to have the voltage actuating the avc 
tube larger than could be obtained with the systems described 
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tbus far. Such design necessitates amplifying that portion 
of the signal that would ordinarily go to the avc section of the 
set; hence the name for such systems is amplified avc systems. 
There is nothing fundamentally different about an amplified 



amplified avc circuit arrangement employing two 
i-± amplifiers. The top one amplifies the signal and feeds it to the 
second detector. The lower one obtains part of the signal through 
coupling condenser Cj. (This arrangement has been used in many 
RCA Victor receivers). 


avc system. In all cases, part of the signal is removed from 
the i-f amplifier, is amplified, and then fed to the avc tube in 
the normal manner. That part of the signal which is not re- 
moved for avc action may be still further amplified^ rectified 
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by the second detector, and passed on to the audio ampliher in 
the normal manner. The term amplified avc applies only to 
that function of the receiver which amplifies part of the signal 
specifically for avc purposes, so that a higher controlling voltage 
is produced. 

The amplifying part of the avc section may not necessarily 
be a separate tube; in fact, recent receivers make use of the com- 
bination tubes for this purpose. One modern receiver incor- 
porates two i-f amplifiers: in one, a ^58 type tube amplifies the 
signal and feeds it to the second detector, as shown in. the upper 
part of Fig. 19-16; the other amplifier obtains part of the signal 
through a 0.0001 mfd. condenser and feeds it to the control grid 
of a 2B7, a combination tube consisting of a pentode and a 
double diode. An i-f transformer in the plate circuit of the 
diode is tuned to the i-f, and the amplified signal appears 
across the secondary S of this transformer, as shown in the 
lower half of Fig. 19-16. 

The top of S connects to one diode plate, the other diode 
plate is connected to cathode because it is not required. The 
lower part of 8 connects to the cathode through a resistance 
network. The amplified voltage is rectified by the single diode 
and appears across resistors Ri and The 600-ohm resistor 
in the cathode leg supplies bias for the control-grid of the pent- 
ode section, and both the 3,000- and 600-ohm resistors place the 
active diode at a negative potential for delayed avc, as previ- 
ously explained. and E 2 are divided into two separate imits 
so that only part of the rectified avc voltage may be removed 
for the signal channel i-f stage. The full rectified output is ob- 
tained for the r-f amplifier and first detector. Of course, part 
of the avc voltage is built up across the 3,600 ohms in the cath- 
ode leg, but 3,600 ohms is very small compared with the 750,000 
ohms of Ri and Et, and may be neglected. The d-c voltage 
across resistors Rx and iB* is applied to the controlled tubea 
through the two filter resistors Es and Rj^, as shown. 

Substantially the same idea is used in another popular, mod- 
em receiver. Two i-f stages are employed: one for the signal 
channel feeding the second detector, and the other for the avc 
tube. In this case, however, the amplifier feeding the avc tube 
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as described previously. The total voltage across i2j is fed to 
the audio amplifier through the coupling condenser Cx, which 
only passes the audio part of the voltage. The by-pass conden- 
sers Ci and Cs serve to keep the r-f out of the audio amplifier, 
thus preventing ''fringe howls.” The d-c component of the volt- 
age across Ri is applied to the control grid of the pentode por- 
tion through resistor which acts, at the same time, to pre- 
vent any of the audio from actuating the grid of the tube. Since 
the cathode is above ground potential by an amount equal to 
the voltage drop in the cathode resistor Bs, any changes in the 


Fig. 19-18. — Ampli- 
fied avc circuit in 
which a single 2B7 
tube is made to func- 
tion as the second de- 
tector, avc amplifier 
and avc tube. 



d-c grid potential of the control grid will vary the current 
through Bs and thus change the voltage drop across it. In- 
creasing signal carrier strengths will increase the voltage drop 
across Bi, which, in turn, will apply a greater negative d-c 
voltage to the control grid, thus lowering the plate current 
through Ba, Hence, the voltage across Ba will decrease. This 
voltage is applied to the grid-return leads of the tubes under avc 
control in the usual maimer. This is an amplified avc system 
because the d-c voltage across Ea is amplified by the mutual 
conductance of the 2B7 tube. 

19 - 15 . Silent Tuning Systems. — Since the normal action 
of an avc system is to decrease the sensitivity of the receiver on 
strong signals, and since the. sensitivity^ of such a receiver is 
maximum when the station selector is tuned off resonance, re- 
ception is usually very nqifyf^^l^ the receiver is tuned off 
resonance, due man-made elec- 
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as described previously. The total voltage across Mi is fed to 
the audio amplifier through the coupling condenser Ci, which 
only passes the audio part of the voltage. The by-pass conden- 
sers Cb and Ca serve to keep the r-f out of the audio amplifier, 
thus preventing “fringe howls.” The d-c component of the volt- 
age across Ri is applied to the control grid of the pentode por- 
tion through resistor Mb, which acts, at the same time, to pre- 
vent any of the audio from actuating the grid of the tube. Since 
the cathode is above ground potential by an amoimt equal to 
the voltage drop in the cathode resistor Ba, any changes in the 


Fig. 19-18. — Ampli- 
fied avc circuit in 
which a single 2B7 
tube is made to func- 
tion as the second de- 
tector, avc amplifier 
and avc tube. 



d-c grid potential of the control grid will vary the current 
through Ba and thus change the voltage drop across it. In- 
creasing signal carrier strengths will increase the voltage drop 
across Bi, which, in turn, will apply a greater negative d-c 
voltage to the control grid, thus lowering the plate current 
through Ba> Hence, the voltage across Ba will decrease. This 
voltage is applied to the grid-return leads of the tubes under avc 
control in the usual manner. This is an amplified avc system 
because the d-c voltage across Ba is amplified by the mutual 
conductance of the 2B7 tube. 

19-15. Silent Tuning Systems. — Since the normal action 
of an avc system is to decrease the sensitivity of the receiver on 
strong signals, and since the sensitivity of such a receiver is 
maximum when the station selector is tuned ofi resonance, re^ 
ception is usually very noisy when the receiver is tuned off 
resonance, due to the fact that any natural and man-made elec- 
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trical disturbances which are picked up by the antenna system 
at this time are amplified by the full amplifying power of the 
receiver. If a very sensitive set equipped with avc is operated in 
a “noisy^^ location, the background noise will be troublesome when 
passing from one station to another unless specific precautions 
are taken in the design. This does not mean that a set equipped 
with avc gives more noise than one not so equipped, but that 
when tuning it exactly the same effect is obtained as is obtained 
with an ordinary set having its volume-control fully advanced. 

A number of methods have been devised to reduce this inter- 
channel’-noise, since it is very disturbing to have no noise come 
in when a station is tuned in, and to suddenly have irritating 
noises come in at full volume when shifting the station selector 
to receive another station. One early device used to make this 
inter-station noise inaudible, was a ^^mute’^ switch which was 
connected across the secondary of the output transformer. The 
switch was manually operated, and short-circuited this sec- 
ondary while the receiver was being tuned; hence the noise 
could not be heard. The point of station resonance was indicated 
by some form of resonance indicator, such as a tuning meter, 
shadowgraph or tone beam arrangement (these resonance tun- 
ing indicators will be discussed in later sections of this chap- 
ter), so that the operator could tell just when the station was 
tuned in exactly, before opening the ^^mute'^ switch. 

Another means employed to eliminate inter-station noise was 
to remove the volume control from the grid or cathode circuit 
of the avc tube and place it in some other portion of the re- 
ceiver, as shown in Tig. 19-11. In this circuit, the primary and 
secondary of the second i-f transformer are widely separated 
so as to prevent the transfer of signal energy except by means 
of the small pick-up coil, aS«. The volume control is a potentio- 
meter shunted across this coil. This determines the amount of 
signal energy which will be passed to the secondary. Setting 
this control at zero reduces the i-f input to the second detector 
to zero, and the noise cannot be heard. However, a tuning in- 
dicator connected in the plate circuit of a previous i-f amplifier 
tube will show when a station carrier has been tuned in. 
When this is known, the volume control can be raised. 
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A variation of this method of reducing inter -station noise is 
shown in Fig. 19-19. Here, the volume control is in the grid cir- 
cuit of the second detector. The primary and secondary of the 
second i-f transformer are isolated from each other by a small 
copper shield, so that there can be no transfer of energy except 
via the small pick-up coil inductively coupled to the primary. 
The volume control is connected across this coiL. In this man- 


PlG. 19-19. — A cir- 
cuit arrangement for 
reducing the noise 
heard between the 
points at which sta- 
tions may be tuned in 
on the dial. (Used in 
RCA Victor 11 re- 
ceiver. ) 


2RD“DET. 



ner, the signal voltage applied to the second detector is man- 
ually controlled, and under no conditions can the noise level 
exceed that set by the volume control. 

Many receivers employ a variable resistor in the cathode 
circuit of the i-f stage for the control of volume. When this 
variable resistance is set at maximum, the i-f tube under control 
receives a high negative bias, which lowers the plate current 
and hence reduces the amplification of that stage. Although 
this type of control tends to reduce inter-stage noise to some 
extent, it decreases the sensitivity of the receiver so that only 
strong signals can be heard. This variable resistance is generally 
termed the sensitivity or noise suppressor control. 

19-16. Silent Tuning (QAVC) Circuits. — ^The early re- 
ceivers which appeared with an automatic silent timing control 
employed a separate tube to silence inter-station noise. A typical 
arrangement of this kind is shown in Fig. 19-20. The plate of this 
tube is connected in series with the plate circuit of the first a-f 
tube- The plate current of the a-f tube flows through Ri, as does 
the plate current of the noise silencing tube. Hence the plate volt- 
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age of the audio tube is the voltage minus the voltage drop 
% The action of the silencing tube is as follows: Since its 
control-grid is connected to the avc circuit, its grid bias is equal 
to that generated by the avc tube. When the receiver is tuned 
off resonance, or between two stations, the avc voltage is low, 
which means that the grid voltage of the silent-tuning tube is 
filso low. A small bias means a high plate current, which re- 
(sults in a large voltage drop across the resistor Rx. This voltage 


TO GRID AVC DROP RESISTOR COUPLING 



Fig. 19-20. — typi- 
cal circuit arrange- 
ment employed to 
silence inter-station 
noise in some of the 
early receivers. A 
separate silencing 
tube is connected in 
series with the plate 
circuit of the first a-f 
tube. The plate cur- 
rent of this silencing 
tube (which is con- 
trolled by the avc 
tube) controls the 
plate voltage applied 
to the first audio tube 
and hence controls its 
amplification, reduc- 
ing it when the re- 
ceiver is tuned off re- 
sonance. (ITsed in 
Atwater Kent 812 re- 
ceiver.) 


drop reduces the plate voltage on the first a-f tube (which is a 
type '55 functioning as second detector, avc, and first audio 
tube in this particular circuit). The reduced plate current 
‘^silences" any noise that might be heard between stations. 
When a signal is tuned in, the avc voltage is inoreased, and the 
control-grid bias on the silencing tube is increased. This high 
bias decreases the plate current, and the voltage drop across 
is thereby less. The full “B’' voltage on the first a-f tube is 
restored, and. the audio sensitivity rises. Since the amount of 


CH. XIX PECULIARITIES OP AVC & QAVC CIRCUITS 


478 


inter-station noise varies with the location, a variable adjust- 
ment is provided for obtaining almost any desired amount of 
silencing between stations by having potentiometer 22# regulate 
the screen voltage of the silencing tube. This type of silent 
tuning control, although satisfactory in the majority of in- 
stances, is limited in its action, especially in extremely noisy 
locations. 

Another type of inter-charmel noise suppressor arrangement 



Pig. 19-21. — A circuit arrangement in which the avc tube Vg 
also functions as the silent tuning (qavc) control. (Used in. RCA 
Victor 78A receiver.) 


(variously called silent tuning and quiet automatic volume con- 
trol, abbreviated qavc) is shown in Pig. 19-21. In this cir- 
cuit, the avc tube F# also functions as the silent tuning control. 
Two independent last i-f stages are employed. One supplies sig- 
nal voltage to the second detector. The other feeds signal voltage 
to the avc and noise-suppressor circuit. When the receiver is timed 
betw'eeh stations, no signal voltage is present across ths secon- 
dary, which feeds diode D# of Y#. ISTo current, iherefore, 
is rectified by the diode, and the control grid of the *55 operates 
at zero bias. The plate current of the '66 tube will then be 
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maximum because of the zero grid bias and the voltage drop 
across the 4,600-ohm cathode resistor, which is common to the 
cathodes of Vi and Vs. Hence, the i-f tube is biased to cut-off, 
which prevents any noise voltage from reaching the second de- 
tector. When the receiver is tuned to a signal, it is amplified 
in the i-f — avc amplifier V 2 (since it is removed from the con- 
trol grid of Vi) and appears across the secondary coil. The 
signal is rectified by diode Dg of Vs and a negative potential is 
impressed on the grid of F,. The plate current is then reduced 



Fig. 19-22. — A qavc circuit arrangement in which the suppressor 
voltage of the ^67 tube used in the first audio stage is controlled by 
the (qavc) noise suppressor tube so that its plate current is reduced 
to the cut-off point (preventing reception) when the receiver is tuned 
off resonance. (Used in Majestic 300 receiver.) 


to approximately zero. This removes the high bias from the 
grid of Vif and signal voltage will then be impressed on the 
second detector via transformer T. A small portion of the sig- 
nal is obtained from the plate of F, and rectified by diode Dj 
for avc in the usual manner. 

The tuned circuit for Dg is designed to tune sharply so that the 
noise suppressor acts as near the center of the carrier as possible. 
A variable resistance is placed in the cathode circuit of the r-f 
and first detector stages to reduce the sensitivity of the receiver 
by increasing the normal bias on these tubes. A switch, S^, is 
provided on this sensitivity control so that the noise-suppressor 
circuit may be cut out of the circuit if it is desired. In this case, 
the manual control is used instead. 
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Aaother qavc circuit is shown in Fig. 19-22. A type '67 
tube, Vgj is used in the first-audio stage of the receiver because 
of its sharp grid-voltage cut-off characteristic. (The plate 
current cuts off sharply at a certain value of suppressor-grid 
voltage.) When a high negative bias is impressed on the sup- 
pressor-grid of y«, the tube is biased at the cut-off point and the 
plate current is zero. Another ’57 tube, Fi, is employed for qavc 
action. This tube receives its plate voltage through a resistor, 
Rj, which is also in the suppressor grid circuit of F*. Since the 
control-grid bias of Vi is determined by the avc voltage, it will 
have zero bias when the receiver is tuned between stations, as 
the avc voltage is then zero. The relatively heavy plate cur- 
rent will then flow through R^. This plate current produces a 
voltage drop across Rx which biases the suppressor grid of Fj 
so highly negative that its plate current is reduced to the cut-off 
point, preventing reception. When the receiver is tuned to a 
station, avc voltage is developed, and since it controls the con- 
trol-grid bias of V If a high negative bias is impressed on it. 
This bias causes F^ to draw little or no plate current, thus re- 
ducing the voltage drop across Rx. When this voltage drop is 
removed, the high negative bias on the suppressor grid of F* 
is also removed, and the receiver will operate. In order to com- 
pensate for noise conditions in different localities, a variable 
resistance is provided which regulates the screen voltage of V i, 
and governs the point , at which the tube *^takes hold.” 

Another version or the qavc system Just described is shown 
in Fig. 19-23. Instead of operating on the suppressor grid of 
the first audio tube, inter-station noise suppression in this cir- 
cuit is accomplished by controlling the screen voltage of first 
audio amplifier tube — Fa. When the receiver is tuned between 
stations, the plate current of F* is high, since the control-grid 
voltage is governed by the d-c voltage developed in the detector 
load resistance. The plate current drawn by this tube causes 
a voltage drop across the 1-megohm resistor, Rx, in its plate 
circuit. This voltage drop reduces the screen voltage of F* to 
such low value that the tube is operating almost at cut-off, 
hence no noise will be received. When the receiver is tuned 
to a station, the control-grid of F* becomes more negative, its 
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plate current is reduced, and consequently the voltage drop 
across is reduced. Therefore, the screen voltage on the 
first audio tube is increased and the receiver functions 
nqrmally. As with the previously described qavc circuit, a vari- 
able resistance is provided to control the screen voltage on V, 
80 that its action may be adjusted for existing local noise con- 



Fig. 19>-23. — A qavc circuit arrangrement somewhat similar to 
that of Fig. 19-22 excepting that the screen voltage of the first audio 
tube is reduced to the cut-off point by the silencing control tube when 
the receiver is tuned off resonance. (Used in Philco 16 and 17 
receivers.) 

ditions. By means of a switch in the cathode circuit, the noise 
suppressor circuit may be cut in and out at will. 

19-17* Noise Gate*' QAVC Systems. — ^There axe many 
variations of the qavc systems just described, especially in the 
more recent commercial receivers in which noise suppression is 
effected in the audio circuit. One particular receiver which in- 
corporates silent tuning employs a four-element neon tube as 
both a resonance timing indicator (which indicates when the set 
is tuned to resonance) and noise suppressor, being more popu- 
larly known as a noise gate. No vacuum tube is required for 
obtaining the silent tuning feature with this system. 

The circuit is shown in Fig. 19-24. Three of the four ele- 
ments in the neon tube are used to indicate station resonance* 
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The voltage required for the operation of the tuning indicator is 
obtained from the drop across a resistor located in the plate cir- 
cuit of. the r-f and i-f tubes. Since an avc system is used in 
the receiver, the voltage drop across this plate resistor (which 
depends upon the plate current of the controlled tubes) will vary 
as the receiver is tuned to, or off, resonance. When the receiver 
is tuned to resonance, the voltage drop across the plate re- 
sistor will decrease because of the decrease in the r-f and i-f 


Pig. 19-24. — A cir- 
cuit arrangement in 
which a special fonr- 
element neon tube 
acts as both a reson- 
ance indicator and a 
noise suppressor or 
noise gate. Its noise 
gate action depends 
upon the fact that it 
causes a high bias to 
be placed on the first 
audio tube (making it 
inoperative) when the 
receiver is tuned off 
resonance. 



plate current, caused by the increase in control-grid bias. As 
the voltage drop across the plate resistor decreases, the voltage 
between two of the neon elements increases, increasing the neon 
glow, which travels up the long electrode. (A detailed descrip- 
tion of the action of this tube as a tuning indicator is given in 
Art. 19-23.) Electrode No. 4 has only the top portion of its 
length exposed to the discharge, the lower section being insulated 
by a glass sleeve. When the gaseous discharge rises up the long 
electrode, No. S, and reaches the level of the exposed portion 
of the fourth electrode, a discharge takes place between the 
long electrode and the fourth electrode. This discharge develops 
a voltage across resistor Rf Since the first audio tube is biased 
to the cut-off point by the drop across the vpltaga developed 
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across Ei reduces the high bias on the a-f tube and permits plate 
current to flow. Reception will then be normal. If the receiver is 
tuned off resonance, the light column developed in the long elec- 
trode of the neon bulb will fall below the exposed portion of the 
fourth element, and the voltage developed across resistor JRx 
will be removed. This will return the first audio tube to the 
high-bias condition and the tube will not amplify. A switch is 
provided so that the ^^noise gate’^ action may be cut out if desired. 

19-18. Servicing Silent Tuning Systems. — In the silent 
tuning control circuit shown in Fig, 19-20, no inter-station noise 
suppression will be obtained if trouble develops in the screen 
circuit of the silencing tube. If the movable contact arm of the 
silencing adjustment potentiometer, Hjg, which is insulated from 
the chassis, should short-circuit to the chassis, the silencing tube 
will be inoperative because the plate current will be very nearly 
zero. Likewise, an open-circuited screen resistor in the silencing 
tube circuit will produce the same condition. These causes of 
inoperation, however, will be easily disclosed by the usual voltage 
or resistance analysis to be described in Chapters XX and XXI. 
Should the reproduction be distorted and choked, the adjust- 
ment of the variable silencing control may be at fault. This 
same symptom also may be caused by a grounded silencing tube 
control-grid lead or by a short-circuited or leaky by-pass con- 
denser in the avc circuit to which the control-grid lead is con- 
nected, These defects will remove the negative bias from the 
silencing-tube grid, and increased plate current will flow. This 
plate current will produce a large voltage drop across the plate 
resistor in the first-audio plate circuit and consequently reduce 
the plate voltage to a small value. In most instances, however, 
it is best to check the condition of the silencing tube first. 
Should the 0.1 mfd. condenser by-passing the cathode of F# 
in Fig. 19-21 become short-circuited or leaky, the high initial 
cut-off bias of the control grid will be reduced or removed, and 
no silent tuning will be obtained. The same condition might re- 
sult if leakage should develop between the cathode and heater 
of the tube itself. Of course, in this case the leakage will mani- 
fest itself by a hum when the receiver is tuned to resonance. 
No avc action will take place under this condition. 
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The service problems most likely to develop in a receiver 
employing the qavc system of Fig. 19-22 would be those result- 
ing from lack of plate voltage on Vi and lack of suppressor- 
grid voltage on Vg. If the plate by-pass condenser C* should be- 
come short-circuited, the short-circuit current would flow through 
Ri, changing the voltage distribution sufficiently so that the plate 
of V j does not receive its proper voltage. This would make 
noise-suppressor tube Vi inoperative. If Ci should ''short”, 
neither the plate of Fj, the suppressor grid of nor the cath- 
ode of F* would receive any voltage, and the receiver would be- 
come inoperative. If the 500,000-ohni resistor Ri should open- 
circuit, there would be no suppressor-grid voltage and inopera- 
tion would result. 

In a similar manner, if the 1 -megohm resistor, in the 
plate circuit of Fjb of Fig. 19-23 should open-circuit, the receiver 
would be inoperative due to lack of plate voltage. Should 
this resistor increase in value, the receiver would operate only 
with very strong signals with the noise suppressor m the cir- 
cuit. Should the 4:-megohm resistance in the grid circuit of F# 
open-circuit, unstable operation of the receiver would result, 
since condenser C would charge and discharge periodically. Of 
course, a weak (low emission) tube in the noise-suppressor stage 
will reduce the effectiveness of the silent tuning to an extent de- 
pending upon the weakness of the tube. 

In the silent-tuning control circuit employing a four-electrode 
neon tube, shown at Fig. 19-24/ any trouble which might de- 
velop to prevent the neon glow from extending up the long elec- 
trode above the exposed portion of the fourth electrode would 
result in an inoperative receiver when the switch is placed in 
the silencing position. This may be caused by a faulty neon 
tube (one in which the gas content has decreased) , or by any fail- 
ure in the avc circuit, since this affects the neon tube action. 

19-19. Tuning Indicators. — ^Many receivers employing avc 
use some form of indicating device to show when the receiver is 
tuned to the exact frequency of broadcast signals. Exact tuning 
is necessary for proper reproduction with all radio receivers, and 
it is the purpose of the tuning indicator to indicate when exact 
tuning is established. Incidentally, since many of these devices 
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operate independently of the manual volume control, it is pos- 
sible to obtain silent tuning manually by first turning the man* 
nal volume control to its minimum position so that no recep- 
tion is heard. The desired station may then be tuned in the 
usual way, the tuning being guided visually by watching the 
tuning indicator. 

Any device that indicates when a station has been tuned in 
properly is called a resonance indicator or tuning indicator. 
Different manufacturers use rather ingenious, devices to indicate 
resonance, and they give these devices trade names that iden- 
tify the device itself rather than its principle of operation or 
function. For instance, the neon tube resonance indicator is 
usually called a Flashograph; a device which operates on the 
same principle as a d-c meter is called a Shadowgraph or Shadow- 
meter; one employing cathode rays is called a Magic Eye, etc. 
The several distinct types of tuning indicators which are em- 
ployed may be classified as follows: 

1, Visual — A small milliammeter with a special scale and 
inverted needle position. The receiver is exactly in 
tune when the maximum deflection of the meter needle 
is reached. 

Visual — shadow appearing in an illuminated space 
above the tuning dial. The receiver is exactly in tune 
when the minimum width of shadow is obtained. 

S. Visual — A column of red light in a special neon tube. 
The height of the light column is maximum when exact 
tuning is accomplished. 

4^ Visual— A change in brilliancy of the dial-light itself. 
Minimum brilliancy occurs at exact tuning, 

5. Visual — wedge-shaped shadow appears in a circular 
illuminated space. Minimum shadow results when the 
receiver is exactly in tune. 

6. Audible — ^A means of providing silence ex;cept when the 
stations are actually tuned in. This fiinction is a re^ 
finement of the interstation, tuning silenceii' (see Art^ 
19-17) which permits hearing the station over only an 
extremely small dial motion with a marked increase in 
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volume or clarity as the approximate center of this 
range is reached. This method must require that not 
over about 1 kc. of dial motion either way from the 
exact tuning point can take place before there is a 
noticeable reduction in volume or change in tone quality. 
Before explaining how these commonly -used forms of tuning in- 
dicators operate, it will be well to show how they are connected 
in the circuit and why they indicate the resonance condition at all. 

From the theory of avc action explained in this chapter, it 
is seen that on strong signals the grid bias of certain of the r-f 



and i-f amplifier tubes is increased by the avc action in proportion 
to the bias, and the amplification factor of the tubes decreases 
as a consequence. Now, when the grid bias of any tube is made 
more negative, the plate current of that tube decreases, and the 
decrease in plate current is nearly proportional to the increase 
in negative bias. Let us illustrate this with a numerical example. 

Suppose the plate current of a certain tube controlled by 
avc is 10 ma. with no signal received. Under these conditions, 
the grid bias is a minimum and is, say, 3 volts negative. When 
a sufficiently s^trong signal is tuned in, the grid bias increases au- 
tomatically because of the avc to, say, 25 volts negative. Then 
the plate current drops to some lower value, 2.5 ma., for example, 
and the r-f or i»f signal on the grid of this tube varies the plate 
current above and below this 2.5 ma. value, in accordance with 
the usual amplifier theory. 
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This means that if an ordinary moving- coil meter movement 
is connected in the plate circuit of one or more tubes under avc 
control, the current through the coil of this movement will be 
small on loud signals and large on weak signals; and if the meter 
is placed on the panel of the set with the pointer face down 
instead of up, it will swing to the extreme left on the loudest 
signals and to the extreme right when no signal is received. The 
connection for such a meter is shown in Fig. 19-25. It is not 
necessary that a dArsonval movement be used as long as the 
meter is of a type that will respond to changes in d-c, it is suit- 
able fox use as a tuning indicator. The meter scale is usually 
divided into arbitrary divisions for ease in determining max- 
imum swing. 

19-20. The Shadowgraph. — ^The shadowgraph is a unique 
tuning indicator device used to facilitate the precise tuning-in 
of a station. Resonance is indicated by a shadow on a lum- 
inous screen. When a station is properly t\med-in, the shadow is 
narrowest; when the receiver is tuned between stations, the 
shadow is widest. Sketches showing the details of construction 
are presented in Fig. 19-26. 

The unit is housed in a small wedge-shaped metal box. Its 
small end consists essentially of a screen upon which light 
from a pilot lamp falls. The bottom of the box, as shown in 
the sketch, holds a coil of wire E, a deflecting vane B, and a 
thin circular permanent magnet, D. The vane, B, is rigidly 
attached to a small soft-iron disc, C, which is pivoted inside 
the coil and whose horizontal position is in the same plane as 
the magnet D, as shown in the detail sketch at the left. Notice 
the two small projections on its periphery! With no current 
through the coil, the disc assumes a horizontal position because 
of the magnetic field of the permanent magnet. The vane (there 
is really one vane below and another above the disc) is not 
affected by this field, because it is of non-magnetic material. 

It is well known that a magnetic ring has no external mag- 
netic field, and hence it may seem paradoxical that its field can 
keep the disc in a horizontal position. But this magnet has a 
small air-gap in it. The magnetic field crossing this air gap 
spreads out to some extent and threads through the plane iron 
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disc (C), tending to hold it in place in a horizontal position. 

If the pilot lamp is now lit, light will pass through a hole 
in the bottom of the box, through the center of the coil form, 
up through the rectangular slit on either side of the vane in the 
disc, and come to rest on the screen on the opposite side of the 
box. Hence, the entire screen will be illuminated except for a 
thin shadow of the vane, as shown by A. in the sketch. If the 
vane — and, of course, the disc — ^is tilted slightly to the right or 
left by any force, the light from the pilot lamp will be cut off 


VIEW OF PERMANENT MAGNET 
AND DEFLECTING VANE 


Fig. 19-26. — Construction of the 
Shadowgraph tuning indicator. A 
detailed view of the permanent mag- 
net D, iron disc C and deflecting 
“shadow’ ’-vane R, is shown at the left. 

The entire unit assembled in its box, 
is shown at the right. The pilot lamp 
is at the bottom. 

to the right and left of the small initial shadow by the upper 
and lower vanes, and the width of the shadow of the vane on 
the screen will therefore be increased. The more the vane is 
tilted, the wider is the shadow, and the vanes are cut to such 
shapes that the shadow to the right is equal to that to the left 
of the initial position, regardless of the angle of the disc. 

If current how is sent through the coil another magnetic 
field will be produced. This is at right angles to that created 
by the permanent magnet D in the gap. The soft-iron disc C 
will tend to line itself up in the direction of the resultant of 
these two fields, i.e., it will move on its pivots and assume a 
tilted position, the angle of tilt depending upon the relative 
strengths of the two fields. With no coil current, that due to 
D alone remaine, and the disc is horizontal; with a fifeld due 
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to JB as strong as that due to X>, the disc assumes an angle of 
45®, etc. Therefore, as the coil current is increased or decreased, 
the disc tilts more or less, and the width of the shadow of the 
vanes on the screen increases or decreases, respectively. 

The coil of the shadowgraph is connected in series with the 
plate circuit of the tubes under avc control. When a station is 
being t\med-in, the avc voltage increases as resonance is ap- 



Fig. 19-27. — (A) How a variable resistor may be connected across 
a Shadowgraph coil, or a tuning meter, to correct the condition of 
insufficient variation of the shadow or meter indication. The re- 
sistor may also be used to permit emergency operation of the receiver 
if the Shadowgraph or tuning meter coils should open-circuit. (J5) 
How the condition of insufficient indication may often be remedied by 
connecting the tuning indicator into the plate circuit of one tube only. 

proached because the signal strength increases. At resonance, 
the avc voltage is greatest, and the plate current of each con- 
trolled tube is least. This low plate current, flowing through the 
coil, reduces the coil field, and makes the field due to D rela- 
tively greater. Hence the disc assumes a more horizontal position. 
The result is that the shadow on the screen is narrowest. If a 
stronger signal is tuned-in, the minimum shadow , will be stiU 
narrower at resonance, i.e., for any signal strength there is a 
minimum shadow length which indicates exact resonance. 

19-21. Possible Troubles in the shadowgraph. — the 
shadowgraph coil should open-circuit, the receiver will become 
inoperative imless the shadowgraph coil has been shunted by a 
resistor. In many cases, insufficient variation of the shadow 
makes tuning difficult, and must be remedied. Repair may be 
effected by shunting the indicating device with an adjustable 


CH. XIX PECULIARITIES OP AVC & QAVC CIRCUITS 486 

wire-wound resistor, as shown in Fig. 19-27 at (A). The value 
of the resistor may be varied to obtain the desired meter swing 
or shadow width. Either a 500-ohm or a 2,000-ohm adjustable 
wire-wound resistor is sufficient for this purpose. On some occa- 
sions, the condition is best corrected by removing the indicating 
instrument from the plate circuit of one of the controlled tubes. 
For example, should the shadowgraph be connected in the com- 
bined plate circuit of an r-f and an i-f stage as showm at (A), 
it should be re-connected so that it is in the plate circuit of the 
r-f tube alone, as shown at (B) of the Figure. 

Another complaint not infrequently encountered with shad- 
owgraphs is that the width of the shadow may not be the same 
for the same station at different times, or that the shadow is 
too wide and operates intermittently. These troubles are often 
due to an incorrectly balanced vane within the shadowgraph, 
excessive vibration, or the binding of the pivot supports, which 
prevent the vane from operating freely. Although the shadow- 
graph may be disassembled and a repair effected, extreme care 
should be exercised when doing it, as the mechanism is delicate. 
Any mis-step may damage the pivots and supports beyond repair. 

Of course, the pilot lamp which furnishes the necessary light 
for the shadowgraph has a definite useful life and must be re- 
placed when it bums out. 

19-22. Dial-Light Resonance Indicator. — Some receivers 
(among which are several models of the Majestic receivers) 
utilize the ordinary dial light of the receiver (or another tuning 
light) in a rather novel fashion for indicating when the receiver 
has been tuned exactly to resonance with the incoming station. 
A saturable-core reactor having three legs and three windings 
(one on each leg) as shown in Fig. 19-28, is employed to make 
this, possible. The basic idea employed is to make the changes 
in the d-c plate current of the avc-controlled tubes in the receiver 
control the flow of a-c current through the dial light through the 
action of this saturable-core reactor. 

As shown in Fig. 19-28, two a-c coils, A-A, having an equal 
number of turns are mounted on the outer legs of the reactor 
core.' They are connected in series with the dial light which ob- 
tains its operating voltage from a secondary winding on the 
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power transformer. These two coils are properly connected to- 
jgether so they produce a-c magnetic flux around the outside legs 
of the core, in the assisting directions shown in the illustration. 
The center winding, D, is connected in series with the plate 
circuits of all the tubes which are controlled by the avc, so it 
-carries the total d-c plate current of these tubes. 

When the receiver is not tuned to resonance with the signal 


TO r~f;'ist dex 

AND l-F PLATES 



Fig. 19-28. — Connection of the saturable-core reactor and tuning 
-dial light circuit in a receiver which employs the dial-light form of 
tuning indicator. Only a portion of the power supply circuit of the 
receiver is shown here. 

-of any station, a relatively high d-c plate current flows through 
winding D, since the avc-oontrolled tubes draw maximum plate 
-current when no signal is being received. This current flowing 
through coil D sets up a magnetic flux in one direction, in the two 
paths which are indicated by the d-c flux lines in the illustra- 
tion. The reactor is so designed that this d-c flux magnetizes 
the iron core past its saturation point. Hence, the a-o dial-light 
-current flowing through coils A and C does not produce any 
appreciable change in magnetization of the iron (since it is being 
worhed past its saturation point). Consequently, the reactance 
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and a-c impedance of these coils is low and full current flows 
through the circuit, lighting the dial light up to full brilliance. 

When the receiver is tuned to a station, the negative bias 
placed on the avc-controlled tubes by virtue of the avc action 
reduces the plate currents of these tubes. The more nearly the 
receiver is tuned to the incoming signal, the lower the plate cur- 
rent of these tubes gets. Since this current flows through the 
center coil D, it means that the d-c magnetic flux in the core 
diminishes greatly in strength when the station is tuned to reson- 
ance. This allows the core to operate below its magnetic sat- 
uration point, and now the a-c dial current flowing through coils 
A-A is able to produce cyclic variations in the magnetism in 
the core. This greatly increases the reactance and impedance 
of these coils, thereby limiting the dial-light current flowing 
through them, causing the light to grow dim. The closer the re- 
ceiver is tuned to resonance with the incoming signal the dimmer 
the dial light gets. Therefore, the dial light serves as a visual 
resonance indicator. 

It is evident that any stray a-c flux from the dial light coils 
A-A that may thread through the center coil, D, will induce an 
a-c voltage in it. Since this center winding is in series with the 
plate circuits of the r-f and i-f tubes in the receiver, any 60-cycle 
voltage induced into this circuit will cause hum. An electrolytic 
condenser, C, having a capacity of 1 mfd. or more may be con- 
nected across this center winding to by-pass any small a-c volt- 
age that may be generated in it. Or, a single short-circuited turn 
of thick copper wire placed around (or inside of) this coil will 
absorb the energy of this stray a-c flux, thus preventing it from 
inducing any a-c voltage in coil Z>. 

Troubles may develop in this type of dial-light resonance 
indicator system. It should be remembered that since the center 
coil is in series with the plate circuits of the avc-controlled tubes, 
if an open-circuit occurs in it, these tubes will not operate, and 
the receiver will go dead. Should it be found that the receiver 
is inoperative and the dial light operates but does not dim when 
the receiver is tuned slowly over the range of its dial, check the 
continuity of the center winding of the reactor. 

Since this resonance indicator depends upon the ave action 
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for its operation, it will be affected by anything which goes 
wrong with the avc. If the receiver does operate normally, but 
tloe dial light does not grow dim as the receiver is tuned to a 
strati on, check for a ‘'short^' between one side of the dial light 



Fig. 19-^9. — Connection of the S-element Plashograph to the r-f 
or i-f amplifier tube circuits. 

and ground, and between the outer windings and ground (re- 
member that one side of these outer windings connects to ground) j 
for a '^short’’ across one of the outer windings, or a ground in 
one of them; for a '^short'" in the middle winding; and for a 
'"^short'^ in the electrolytic condenser connected across it. This 
condenser has a low working voltage, and sometimes ehort-oir- 
euits, especially if the center winding should become open-cir- 
cuited. An open-circuit in this condenser will cause excessive 
hiuin in the receiver. 

If the dial-light does not light up at all, check the continuity 
of the entire dial-light circuit, check also for a short-oircuit or a 
ground in the power transformer winding which feeds this circuit. 

19-23. The Flashograph. — An interesting application of 
the neon tube as an indicator of proper tuning is the Flmho^ 
or Turve-A-Lite. This device makes use of the fact that 
the greater the voltage applied to the terminals of such a tube^ 
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the higher is the column of light in that tube. In other words, 
the action is analogous to the action of a thermometer: the more 
heat applied to the bulb of a thermometer, the higher the column 
of mercury or alcohol in it rises. 

As shown in Pig. 19-29, the Flashograph consists of three (the 
older models had two ) electrodes, one longer than the others, mounted 
in a thill cylindrical glass tube filled with neon gas. The neon gas is 
first ionized by the small potential between electrodes 1 and 2, the 
exact value of this bias being made variable between about 90 and 
186 volts by means of the potentiometer Rq. Resistor Bg is connected 
in series with this electrode to insure stable operation. The third 
electrode is used to maintain the tube in a state of ionization when 
the signal strength fluctuates over wide limits. 

IV'ith no signal tuned in, the plate currents of and F,, 

(which may be r-f or i-f amplifier tubes under avc control) are high, 
and the voltage drop across is high. This voltage ^bucks’' the 
voltage across R,, and R^, so that the net voltage across electrodes 
1 and 2 is small. The height of the ionized column in the tube is 
small as a consequence. But when the signal strength is above the 
avc threshold, the plate currents of the tubes decrease, the bucking 
voltage across Rj decreases, and the net voltage applied to electrodes 
1 and 2 increases. Note that electrode 1 is taller than electrode 2\ 
this means that the height of the ionized portion of the gas in the 
tube increases, depending upon the aimount of voltage applied to elec- 
trodes 1 and The tuning knob of the receiver should therefore be 
adjusted until the height of the neon glow is greatest. 

If a receiver should be serviced in which the variation in 
height of the glow is small (or zero) as the set is tuned from 
station to station, resistors 22* and R* should be checked for 
open circuit. An open circuit in either one will not affect the 
operation of the receiver to any marked extent, although the 
tuning indicating device will not work. Of course, the neon tube 
may have to be replaced at times. 

19-'24. ‘*Magic Eye” Resonance Indicator. — ^This resonance 
indicator employs the 6E6 cathode-ray tuning tube, which is 
really two tubes in one. 

It has a common hot-cathode K (see (A) of Fig. 19-30), the 
lower part of which supplies a stream of electrons for the triode sec- 
tion of the tube (composed of one cathode section, triode-grid TG, 
and the triode-plate TP), the upper part of the cathode supplies 
electrons which bombard the fluorescent screen coating on a cone- 
shaped target, T, (located in the dome of the hulh), in order to il- 
luminate it with a greenish light. A small ray-control electrode, CR, 
(connected to the plate inside the tube) placed in this electron stream 
exercises a control over this area of target which is struck and illum- 
inated by these electrons — a fan-shaped shadow appearing where 
electrons do not strike it. 

The detected signal voltage is applied to the triode control-grid, 
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as shown. As a station is being- tuned in (by turning the receiver 
tuning knob slowly) this grid becomes more negative with respect 
to the cathode. Since this decreases the plate current, there is a 
smaller voltage drop through the 1-meg plate-resistor R, and the 
positive voltage applied to both the triode-plate and the ray-control 
electrode increases. The effect of this increased positive potential of 
the ray-control electrode on the displacement of the negative elec- 
tron stream is to cause the shadow on the target to narrow down to 
a thin line (as shown at (R) ) when the station is tuned in exactly^ 
As one tunes off resonance, the shadow widens as shown at (C). In 
the 6E5, the impression of a human ‘'eye” is created, the pupil being 
simulated by a small circular light-shield cap placed over the tip of 
the cathode. This indicator greatly enhances "silent tuning”, inas- 
much as the volume-control knob can remain "down” until the station 
is precisely tuned by visibility alone. 


Pig. 19-30- — Con- 
nection of the 6B5 
“Magic Eye” cath- 
ode-ray type tuning 
indicator to a 6H6 
duo-diode detector 
in a modern receiv- 
er. The narrowii^ 
of the shadow^ S, 
when the receiver 
is brought in tune 
is shown at the 
ri^ht, in (B) and 



19-25. Conclusion. — It is obviously beyond the scope of this 
book to analyze ail the avc and qavc circuits in use. However, 
an attempt has been made to analyze the principle of operation 
of the more fundamental and important types so that the reader 
will develop a system of analysis that can be used for other sys- 
tems that may be developed in the future. It is one thing to know * 
the principle of operation of a system and another to memorize 
the troubles as they are solved by yourself and others. The 
memorization method is hopelessly inadequate in the case of 
avc and qavc systems as they exist today, for there are too 
many of them. Moreover, the development of additional new 
systems presents such a fertile field for the creative instincts of 
the circuit designer that it is safe to say that many more of them 
will be brought out from year to year — ^with added complexities. 
A fundamental knowledge of the operation of the general circuits 
and methods used in these systems is obviously more useful to 
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the service man than attempts to memorize the exact connections- 
or troubles. In the final analysis, most troubles in avc and qavc 
systems simmer down to troubles in the tubes, resistors or con- 
densers associated with them, or in the indicating device em- 
ployed. 


REVIEW QUESTIONS 

1. Explain the advantage gained by incorporating automatic vol- 
ume control in a receiver. State briefly, exactly the manner 
in which this feature is obtained. 

2. Draw a diagram of a simple automatic volume control system, 
employing a 3-element tube as a diode detector and avc. How 
is the avc action secured in this particular circuit? 

3. Draw a diagram of an avc system employing a separate tube, 
showing the manner in which the tube is connected and only 
those portions of the receiver which it controls. 

4. What is meant by delayed avc? In what respect has this 
system an advantage over the conventional avc system? 

6. Draw a diagram of a type 55 tube employed in a delayed avc 
circuit and explain how the delayed action is obtained. 

6. How would you remedy a condition where the avc action in a 
receiver is excessive? 

7. What will happen if the resistor in the plate circuit of a sep- 
arate avc tube open-circuits? Why? 

8. What is the purpose of the resistance and by-pass condensers 
in the secondary return circuits of the tubes controlled by the 
avc tube? 

9. State briefly the symptoms to he expected when one or more 
of these hy-pass condensers open-circuit. If they short-circuit? - 

10. What might cause broadcast stations to come in “abruptly**^ 
when a receiver is tuned? 

11. You are servicing a receiver with the complaint of **no control 
of volunae.” You find that the volume control is in the grid 
circuit of the avc tube and is perfect. What would you say 
could cause this condition? 

12. What is meant by silent tuning? Describe briefly, three com- 
mon methods employed in commercial receivers to obtain silent 
tuning. 

18. What is a tuning meter? What would you do if you were called 
upon to service a receiver in which the tuning meter did not 
operate? The meter itself is in good condition. 

14. A receiver using a three-element Flashograph as a tuning in- 
dicator works normally but the Flashograph does not function. 
What would cause this trouble? 

15. Draw the circuit diagram for, and explain the operation of, the 
‘‘Magic Eye^^ tuning indicator. 



CHAPTER XX 


KJECEIVER ANALYSIS BY VOLTAGE-CURRENT 

TESTS 

20-1. Importance of Correct Interpretation of Set Analy- 
2 er Readings. — All commercial set analyzers are supplied with 
instruction books which explain, in detail, the proper use of the 
Yarious push-buttons, selector switches, adapters, meters, etc., 
for performing the various tests. Since the arrangements of 
these switching devices are different in each analyzer, it is im- 
possible to discuss the exact button to press, or switch to turn, 
in order to make a certain test, unless a specific analyzer is con- 
sidered. We are not interested in this detail here anyway, since 
the manufacturer's instruction book supplies this information 
adequately. We are interested here in the general procedure to 
follow in analyzing a receiver, and in the correct interpretation 
of the meter readings obtained during this analysis. It is not 
sufficient merely to manipulate a set analyzer according to the 
accompanying instruction book. The readings obtained must 
be interpreted intelligently in order to determine the location 
and nature of the trouble. 

The interpretation of the readings of a set analyzer depends 
a good deal upon the design of the receiver, and it is often 
essential that the circuit of the receiver under test be known in 
order to determine the trouble quickly. This is especially true of 
modern receivers of complicated design, many of which incor- 
. porate push-pull resistance coupled circuits, automatic volume 
f control, silent tuning circuits, etc. This important point will be 
brought out at several places in this chapter — especially in Art. 
20-15. Circuit diagrams of most of the radio receivers manu- 
factured in the United States can be obtained from radio service 
manuals compiled for this purpose, or from the service depart- 
ments of the receiver manufacturers themselves. 

m 
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20-2, Sources of Correct Receiver Data. — Of course, no 
service man can tell whether the voltage and current readings 
he obtains with a set analyzer are correct or not unless he knows 
just what these readings should be for that particular model 
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Pig. 20-1. — A typical voltage-current socket analysis chart pro- 
vided by the manufacturer for the RCA Victor Model 128-E receiver. 
This specifies the normal voltages and currents which should exist 
at certain socket terminals of each tube when the receiver is operated 
from a 115-volt line with volume control set at ‘^maximum” and no 
signal tuned in. 

receiver he is testing. This information can be obtained from 
the following sources: 

1. From tests on new receivers. The service man should 
make it a practice tp . test all new models of receivers 
whenever the opportunities present themselves. The read- 
ings obtained should be recorded systematically, see Fig. 
20-2, and filed away for future reference; The line volt- 
age existing during the test should also he recorded. 

2. From reliable service manuals. 

3. From the service bulletins of receiver manufacturers. 
Almost all receiver manufacturers supply the necessary 
voltage and current data (and often the reastance data 
also) in their service bulletins. A typical voltage-current 
sobket analysis chart taken from a service bulletin is 
shown in Fig. 20-1. 
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N’otice that on the chart of Fig 20-1 the normal voltage and 
current readings at the various important prongs of each 
tube are specified for some particular value of line voltage — 115 
volts in this case. If the various tube voltages and currents are 
checked when the receiver is operating from a line having a 
voltage other than that specified, suitable allowance must be 
made when comparing the readings obtained by the analysis 
with those specified in the chart. Allowances must also be made 
for manufacturing tolerances in the receiver itself. In general, 
allowances up to dz 15% may be made. However, since some 
voltage, current or resistance 'values which vary as much as 
15% from normal may indicate trouble in the receiver, caution 
should be observed in this respect. This has been found to be 
true especially where control-grid voltages are concerned. 

20-3. Purpose of the Set Analyzer. — ^The general arrange- 
ments of the circuits, meters and the ideas involved in the 
design of modem set analyzers have been presented in Chapter! 
XI to XIV, and the reader is urged to familiarize himself with 
the contents of these chapters if he has not already done so. 
It should be remembered that the main purpose of the set an- 
alyzer is to extend the various circuits terminating at any tube 
socket in the receiver to a point outside the receiver for con- 
venience in testing. 

20-4. Preliminary Tests for Trouble. — ^Before starting the 
receiver analysis, the preliminary tests outlined in Chapter 
XYIII should be made, since they may reveal that the cause 
of the trouble lies outside of the receiver proper, or at least may 
reveal the trouble at once, and so save the time which would be 
spent on an unnecessary and futile receiver analysis. If these 
tests do not give a clue to the trouble, the receiver should be 
analyzed by either a voltage- current test, a resistance test, or 
a combination of the two. The voltage-current method will be 
discussed now — ^the resistance method will be presented in Chap- 
ter XXI. 

20-5. Starting the Analysis with the Set Analyzer* — ^The 
first step in analyzing a receiver by voltage-current tests is to 
see that the source of operating power is connected to it proper- 
ly. If it is battery operated, all batteries should be coimected 
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properly. If it is power operated from the light socket, conaect 
it to this circuit. Then, turn on the receiver and make such 
adjustments as are normally required to tune it for proper re- 
ception of broadcast signals. In general, all tests should be 
made with the volume control set at the ^ ^maximum volume^’ 
position, since maximum voltages are generally supplied to the 
various circuits at this setting. A second set of readings with 
the volume control in the ‘^minimum volume^^ position is also 
helpful in locating trouble in some particular receivers. During 
the tests, all tubes should be left in their respective sockets in 
the receiver, with the exception of the tube from the socket 
under test. The analyzer plug is placed in this socket and the 
tube is placed in the proper socket in the analyzer, as explained 
in Chapter XI. 

20-6. Checking the Power Supply Unit. — ^The first check 
should usually be made on the power supply unit to determine 
whether or not it is supplying normal voltages to the various cir- 
cuits of the set. If the receiver is battery-operated, the 
voltages of the various batteries should be checked by making 
use of the analyzer voltmeter terminals provided for '^external 
tests’\ If the battery voltages are low, the batteries should be 
re-charged or replaced (a 45-volt B battery unit should be dis- 
carded when its voltage drops to about 30-35 volts. This volt- 
age should be checked when the battery is connected to the re- 
ceiver, and the receiver is turned ‘‘on’’. 

If the receiver is powered by the light-line circuit, the recti- 
fier tube or tubes (if it is a-c operated) and circuits should he 
checked by placing each tube in the analyzer, in turn (if two are 
used) , and placing the analyzer plug into the vacant tube socket. 
The a-c filament voltage, and the current flowing through each 
plate of the tube, should be checked by manipulating the proper 
switches. The total plate current in a full-wave rectifier tube 
(type ’80, 5Z3, ’82, etc.) is equal to the sum of the currents through 
the two plate circuits. (An analysis of the conditions indicated 
by these and all following readings will be considered in detail 
later.) The d-c voltage output of the rectifier tube should then 
be measured. In the average set analyzer the meter-reversing 
switch must be pressed when this reading is taken, since each 
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plate of the rectifier is negative with respect to the filament, so 
far as the d-c voltage is concerned. 

There may be some who question the advisability of checking 
the power unit first. It is desirable for the reason that a very 
frequent cause for an inoperative, or a poorly operating receiver, 
is Bome breakdown in the power unit, as, for instance, a rup- 
tured filter condenser. If this is the case, it is unnecessary to 
|>roceed further; the chassis may be removed at once to effect 
the repair or replacement. On the other hand, if the amplifier 
stages are checked first, lack of voltage in one or more circuits 
may be due to two causes : either a particular part of that circuit 
is at fault, or the power unit is not delivering proper voltages. 
In any event, the power supply must be checked anyway before 
further analysis is made in the amplifier circuit. From this ex- 
planation, it can be seen that the first logical step in making a 
receiver analysis is that of first checking the power supply unit 
in the manner described. 

20-7. Checking the Currents and Voltages at the Tube 
Sockets. — ^After the source of power to the radio set has been 
checked the next step is to check the voltage existing at each 
tube circuit and the current in some of the circuits. The usual 
practice is to check the tubes in the order in which the signal 
passes through them, that is, starting with the antenna stage 
and ending witl^ the power amplifier, or '^output^^ stage. 

Each tube should be removed from its socket, in turn, in the 
above-mentioned order, placed into the socket of the analyzer, 
and the plug of the analyzer placed into that receiver tube socket 
from which the tube was removed. By pressing the proper 
buttons and manipulating the proper switches, all the important 
voltages and currents existing at each tube socket may be 
checked. The number of readings taken depends upon the 
type of tube used. For a complete analysis of the circuits for a 
three element tube, it is necessary to measure the following: (I) 
plate voltage, (2) plate current, (3) grid voltage, (4) grid cur- 
rent, (5) filament voltage. When indirect^heater type scr©«a 
grid, or pentode tube circuits are being analyzed, the following 
additional measurements should be made: (6) cathode voltage, 
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(7) screen-grid voltage, (8) screen-grid current, (9) suppressor- 
grid voltage. It may also be necessary to measure the voltage 
impressed on diode plates, anode grids, etc. 

The insertion of the plug of the analyzer into the tube socket 
of the radio-frequency or detector stages of a receiver will de- 
tune that stage during the test because of the added capacity, 
inductance and resistance of the analyzer circuits, so that what- 
ever signals are heard before plugging into the socket may be 
weakened or eliminated during the test. Instead of broadcast 
signals, hum, oscillation or other circuit noises may be heard 
while the set analyzer is plugged into one of the tube sockets. 
This lack of signals does not, however, affect the continuity of 
the circuit nor indicate any defect in either the receiver or the 
set analyzer. Some of the recent set analyzers incorporate by- 
pass condensers so that the disturbing effect which the capacity, 
inductance, and resistance of the analyzer cable adds to the cir- 
cuits of the tube may be lessened. 

20-8, Testing the Tubes With the Set Analyzer. — In 
many instances, weak, short-circuited or burned-out tubes are 
causes for an inoperative receiver. Therefore, every tube in the 
receiver should be tested and a good one of the same type sub- 
stituted for each one found to be bad. Radio receiver servicing, 
to be profitable, necessitates the speediest form of work con- 
sistent with accuracy and good results. Tube pheekers suitable 
for this work have been described in Chapters VIII, IX and X. 
However, for the convenience of service men who do not care 
to carry a tube checker along on their service calls in addition 
to the set analyzer and other equipment, most voltage-current 
type analyzers are provided with facilities for checking the tubes 
of the set — although, as was explained in Chapter VIII, testing 
tubes with the set analyzer is not as dependable a method as 
testing them with a good tube checker is, because of. the non- 
uniformity of the test voltages and conditioiis under which the 
tubes must necessarily be tested when t|us method is employed. 

For the testing of three-eleietrode Mbes, the set analyzer is; 
usually provided with a switch or push-button which connects 
a 4.6-volt flashlight battery into the grid circuit of the tube, 
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thereby changing the grid potential by 4.5 volts. The change 
in plate current that this bias shift produces is read on the plate 
milliammeter and recorded. The value of this plate current 
change is a measure of the mutual conductance (worth) of the 
tube for use as an amplifier (see Arts. 8-16 to 8-18) . 

Tor the testing of tetrode and pentode tubes, the 4,5-volt 
flashlight battery is connected in the control grid circuit when 
the proper button or switch is operated. In some analyzers, the 
dry-cell battery is connected so as to make the grid voltage 
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Pig. 20-2. — ^A typical radio set analysis chart form on which the 
readings obtained on a particular receiver with the set analyzer have 
been recorded by the service man. Charts of this kind enable him 
to keep a permanent record of the current and voltage readings which 
he obtains at each tube socket of a receiver. 

more negative, thus causing the plate current to decrease. 
There are a few analyzers, however, in which the battery is 
connected so as to make the grid voltage more 'positive, caus- 
ing the plate current to increase. It is evident, therefore, that 
a chart giving the expected plate-current changes for various 
types of tubes can be valid only for a particular type of analy- 
zer, and therefore a chart for one model analyzer cannot be used 
to determine the worth of a tube tested in some other analyzer. 

By making this grid-shift test at the time that the circuits 
of a tube are being analyzed, the condition of the tube itself 
may be ascertained. Definite allowable variations from the 
^'plate-current — bias-change^' values shown in these charts can- 
not be specified, since a relativ^^ ( large in mutual con-* 
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ductance causes only a small change in tube performanc^e as 
judged by a listening test under receiving conditions. It may 

stated generally that an amplifier tube which shows no- 
change in plate current when manipulating the proper ^^bias 
change'' switch will not amplify signals at all well, and that 
readings that are within 25% of the values stated on these 
charts indicate that the tube will operate satisfactorily. When 
the plate-current changes are less than one-half than those speci- 
fied on the chart, however, the tubes should generally be replaced.. 

20-9. Recording the Set Analyzer Readings. — It may be 
noticed that quite a few instrument readings are obtained during 
the complete analysis of the tube circuits of a receiver. It is 
difidcult to attempt to remember all these readings for compari- 
son and study after they are taken, particularly in the case of 
receivers employing many tubes. For this reason, it is advis- 
able to record all readings on a suitably prepared analysis chart 
when they are taken. Such charts may be prepared by the 
service man himself, or may be purchased from the manufac- 
turer of the analyzer. A typical chart of this kind, in which the 
readings taken with a set analyzer have been recorded, is shown 
in Fig. 20-2. 

20-10. Interpreting the Analyzer Readings. — After each 
reading has been obtained with the analyzer, it must be com- 
pared with the reading which should be obtained under normal 
operating conditions. As explained in Art. 20-2, and shown in 
Fig. 20-1, charts specifying the normal voltages and currents 
which should exist at the various tube terminals are available 
for many popular receivers. In some instances, these charts 
are supplied by the receiver manufacturer, but they are usually 
obtained from service manuals. Of course, if a tube tests satis- 
factorily and the proper voltages and currents exist at its term- 
inals, both the tube and its circuits may be dismissed from sus- 
picion for the time being. If the tests indicate that one or more 
of the currents or voltages are not normal, the service man 
must interpret the readings actually obtained^ in terms of ‘^what 
possible trouble existing in the circuits connected to that partic- 
ular tube could cause the voltages or currents to be as they a^e'^ 

In order fullv to coii«3*efees^^54fe«^imeanmg ol ob- 
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tained from the analysis of a receiver, it is important to con- 
sider the characteristics of certain parts of complete receiver 
systems. Each receiver has its own circuit peculiarities, and " 
therefore the interpretion which must be given to an analyzer 
reading that reveals the existence of some abnormal voltage or 



Fig. 20-3. — In most 
battery-operated re- 
ceivers, the C bias 
voltages for the am- 
plifier tubes are sup- 
plied by one or more 
dry-cell C batteries 
connected in the grid- 
return circuit a s 
shown here. 


current condition depends upon the receiver circuit design to a 
great extent. We will now consider, therefore, the most com- 
mon fundamental circuit arrangements employed in radio re- 
ceivers, from the point of view of how they affect the correct 



Pig. 20-4. — One of the two circuit arrangements used for ob- 
taining the required C bias voltages in many old electric receivers 
which employed direct-heater type tubes. Resistor B, which forms 
part of the voltage-divider resistor, is the grid-bias resistor. The 
arrows show the complete path of the plate current of the amplifier 
tube. 

interpretation of abnormal tube socket voltage and current 
readings taken on them by set analyzers. 

20-11. Circuit Arrangements for Securing Grid Bias in 
Receivers. — ^In most small battery-operated receivers, only the 
audio amplifiers have any grid bias, and this usually is supplied 
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by a small C battery connected in series with the grid-return 
circuit of that stage, as shown in Fig. 20-3. 

In all modern socket-power operated radio receivers (with 
the exception, perhaps, of a few d-c models) , the grid bias volt- 
ages applied to the tubes are obtained from the voltage drops 
produced across resistors by the flow of the cathode current 
through them. 

When direct-heater type tubes, such as the *26, *71A, *45 
and 2A3, are employed in an a-c receiver, two general methods 





Pig. 20-5. — (A) A circuit arrangement used for obtainiiig C 
bias voltage in many old electric receivers. The plate current of 
the tube is made to flow through a C bias resistor B. The voltage 
drop produced in this resistor is utilized as the negative C bias voltage. 

(B) AC bias voltage arrangement similar to that of (A) ex- 
cepting that the filament winding of the power transformer P is 
center-tapped instead of using a center-tapped resistor, T, across 
the filament circuit. 

of securing proper grid bias are commonly employed. The first 
method is shown in Pig. 20-4 which shows the complete circuit 
of the power-supply unit in the receiver properly connected to 
one of the ami)lifier stages, so that the complete paths of the 
plate current for the stage can be traced. The path of the plate 
current of the tube is shown by the arrows: the plate current 
flows through resistor JB (which is a portion of the voltage- 
divider resistor) and produces a voltage drop across it so that 
point E is negative with respect to point D. The grid-return 
circuit of the tube is connected to point E through the common 
return circuit through the chassis, thereby placing it at a nega- 
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tive potential with respect to points D, A, and the filament of 
the tube. Several manufacturers have used this method of 
biasing all the tubes in the receiver. The Kolster models 6J and 
K20, and the Stromberg Carlson model 635 are examples of 
this. 

The second, and more popular, C bias arrangement used with 
direct-heater type tubes is shown at (A) of Tig. 20-5. The JB- 
power supply unit is not shown in this diagram. Here center 
point A of a center-tapped resistor T is connected to the bias 
resistor R in the plate-return circuit of the tube. The plate : 
current of the tube flowing through resistor R, produces a voltage i 
drop across it. This makes the ^-minus end, E, negative with : 
respect to end D and center-tap A. Since the grid-return lead ; 
is connected directly to B-minus, the grid becomes negative with ; 
respect to center-tap A and the filament, by an amount equal 
to the voltage drop across R. The value of JR in all such cases 
may be calculated by dividing the bias voltage desired, by the 
plate current (in amperes) of the tube. Thus, if 50 volts bias 

Pro. 20-6. — Th^ i 
most common method- i 
for obtaining the neg-l 
ative grid bias for an 
indirect-heater type 
tube by making ita 
plate current flow 
through resistor R, 
This makes point M 
(and the control grid) 
neffative with respect 
to point D (and the 
cathode) . 




is desired, and the plate current will be 30 ma (0.03 ampere) 

E 50 

when the bias is applied, then R = — — = — z= 1,667 ohms. 

JT 0*03 i ' 

If the tube has other grids passing current, then those grid cutr- 
rents must be added to the plate cxirrent in determining R. 
If, in this example the tube had a screen grid passing 20 ma 

50 50 

(0.02 ampere), then R = = = 1,000 ohms 

0.03-1-0.02 0.05 

would be the proper resistance value to use for the bias resistor. 
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In some cases, the center-tapped resistor is omitted, and the 
filament-supply winding of the power transformer, P, is center- 
tapped instead, as shown at (P). The bias resistor, R, is again 
connected in the plate-return lead, as shown. The operation of 
the grid-bias circuit is the same in either case. 

When indirect-heater type tubes, such as the ’27, ^56, and '24, 
are employed, grid bias is secured in the manner shown in Mg. 



Fig. 20-7. — ^A common method of using a single grid-bias resistor 
B for obtaining the proper negative grid bias voltage for several 
svmilaT indirect-heater type tubes in an amplifier. 


20-6. The resistor R is connected in the plate-return circuit of 
the tube. The plate current flows from plate to cathode inside 
the tube, and through resistor R to P-minus outside the tube. 
The resulting voltage drop across R is applied to the control-grid 
of the tube. For the sake of economy, many radio receivers em- 
ploying several tubes of the same type operating at the same 
voltages utilize a single resistance to obtain the proper grid 
bias for all these tubes. This arrangement, shown in Fig. 20-7, 
has the disadvantage that it tends to increase the possibility of 
interstage coupling caused by the common bias resistor. The 
value of R in this case is equal to the required bias voltage 
divided by the sum of the plate and screen currents of all the 
tubes served by resistor 22. Thus, if a 5-volt bias is required, 
and the sum of all the plate and screen currents of the three 
tubes to be served by 12 is 20 ma. (0.020 amperes), then 
P 5 

jg ~ — 250 ohms. 

I 0.02 
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In some receivers, the bias resistor may consist of both a 
“fixed and a variable section, as shown in Fig. 20-8. Here, the 
variable resistor Rb is usually employed as the volume control. 
When the resistance setting of Rt is decreased, the grid bias 
decreases. This increases the plate current and the amplifica- 



Fig. 20-8. — Grid 
bias voltage is ob- 
tained here by the 
combination, of a fixed 
and a variable resis- 
tor in the cathode cir- 
cuit. The variable 
resistor is used for 
the purpose of vary- 
ing the bias voltage 
in order to control 
the volume. 


tion of the tube. When the resistance setting of Rt is increased, 
the bias is increased and the amplification is decreased. Thus 
Rg controls the amplification of the tube (or tubes) and the 
output volume of the receiver. The purpose of Ri is to prevent 



Fig. 20-9. — A circuit arrangement employed for obtaining the I 
grid bias for the power amplifier tube in the receiver by utilizing j 
the voltage drop in a portion of the speaker field winding which is 
connected in the plate-return circuit. 

the bias from reaching zero when Rg is set at its zero-resistance 
position for ^^maximum^^ volume. 

Grid bias for power amplifier tubes is sometimes obtain^^i 
by means of a tap on the dynamic speaker field (or filter choke) 
which has been connected in the high-voltage secondary retuom 
line to act as a choke in the filter system, as shown in Fig, 20*9, 
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Usually, the total voltage drop across the speaker field (or filter 
choke) is 100 to 120 volts. Therefore, the tap is takea from the^ 
winding at a point A which will deliver the required grid bias. 

Still another method of securing the power-amplifier tube grid 
bias from the dynamic speaker field (or filter choke) , is to shunt 
two series resistors across the dynamic speaker field (or filter 
choke) which is in the negative side of the filter circuit, as shown 
in Fig. 20-10. The values of these resistances depend upon the 
grid bias required, the voltage drop across the field, and the 



Fig. 20-10. — This output stage grid-bias arrangement is the 
same as that shown in Fig. 20-9, with the exception that resistors 
serve to proportion the voltage drop across the speaker field 
winding so that the output tubes get the proper C bias voltage. No 
tap is required on the speaker field. 

resistance of the field. The required resistance values of Bji 
and iJ* may be calculated by means of the formulas 
J5f — JE/jf 

Ri =z j and Rg = j 

where, E = the voltage drop across the speaker field (or choke) , 
as measured by the set analyzer voltmeter. 

E^ = the required bias voltage. 

I = the current flowing through the bias resistors (in 
amperes ) . 

Example: Suppose, for example, that the speaker field has a 

resistance of 1,000 ohms, the total ''plate -4- screen” 
current drain, of the set is 100 ma. (0.1 ampere), 
and the speaker field current must be 90 ma. (0.09 
amp.). The voltage drop across the sneaker will be 
= R X f = 1,000 X 0.09 = 90 volts. (This can. 
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be checked by the analyzer voltmeter) . 10 ma. (0.01 

amp.) will flow through resistors and R,. Suppose 
now, that the bias voltage required for the proper oper- 
ation of the power amplifier tubes is 30 volts. Cal- 
culate the values of the bias resistors and R^ re- 
quired. 

^olhtion : 




90 — 30 60 

oH “ 0.01 


6,000 ohms, Ana, 


K sr w a 3,000 ohms, Ana. 

* J 0.01 

Note that Rj^ -J- Rg is equal to 9,000 ohms, which is 9 times 
the resistance of the speaker field (or the filter choke) used. 

If resistor Rg should open-circuit, an excessive grid bias equal 
to the total voltage drop across the choke would be obtained, 
and the plate current would be abnormally low. The ordinary 
trouble symptoms of the receiver in this case would be ^*weah 
and highly distorted reproduction/^ because of the excessive grid 
bias on the power amplifier tubes. 

If resistor Ri should open-circuit, no current would flow 
through either Bx or Eg, hence there would be no voltage drop ' 
in them. Since the grid-return circuit would really connect to 
^^chassis'^ in this case, the grid-bias voltage would be zero. The | 
plate current would be abnormally high (likely to damage the ' 
power tubes). The receiver reproduction would be loud, but 
badly distorted. 


In order to cheek these bias resistors properly with the ohm- 
meter, it is usually necessary to disconnect them first from the 
speaker field coil (or filter choke) which shunts them. 

Grid-bias resistors are usually shunted by a by-pass conden- 
ser. The size of the by-pass condenser is determined by the 
circuit in which it is used. It has become common practice to i 
employ by-pass condensers of 0.1 to 0.5 mfd. capacity for shunt- 
ing the grid-bias resistors of r-f amplifier tubes; in audio-fre^ 
quenoy circuits, by-pass condensers of from 0.5 to 50 mfd, are 
used, depending upon the lowest frequency response desired and 
the value of the resistors across which they are connected. 1^1 
general, the reactance of the by-pass condenser (measured at 
the lowest frequency it will be subjected to) should be about 
1/10 the resistance of the unit across which it is connected, in 



CH. XX VOLTAGE-CURRENT RECEIVER ANALYSIS 


607 


order to act as an effective by-pass. When audio amplifier tubes 
are connected in a push-pull arrangement, a common bias re- 
sistor is employed. The by-pass condenser is unnecessary and is 
commonly omitted, since the push-pull arrangement balances 
out all fluctuating currents in this resistor circuit. 

20-12. Interpreting Grid-Bias Readings Obtained with the 
Set Analyzer. — As an illustration of the importance of under- 
standing the circuit arrangement of the receiver when interpret- 
ing set analyzer readings taken on it, let us assume that a par- 
ticular receiver is to be diagnosed. The analyzer plug is inserted 
into, say, the last audio tube socket, and the tube placed into 



Fig. 20-11.^ — ^How the voltmeter of the set analyzer may be con- 
nected across the grid and filament terminals of the power tube 
socket in the receiver in order to check the grid voltage of the tube- 
In this case, the output stage is resistance-capacity coupled to the 
preceding stage. 

a socket of the analyzer. According to the manufacturer's 
specifications for this receiver, we should obtain a plate voltage 
of say 250 volts, a plate current of 32 ma., and a negative grid 
bias of 50 volts for the power tube. Suppose we find the plate volt- 
age and current normal, but when the grid bias is checked by the 
voltmeter in the analyzer (see Fig. 20-11), it is found to be only 
8 volts. This would naturally lead to the conclusion that there 
is trouble in the grid circuit. However, upon examination of 
the circuit diagram, we find that this stage is resistance-capacity 
coupled to the preceding tube, as shown in Fig. 20-11. Since 
the grid leak resistor R* has a value of 500,000 ohms, allow- 
ance must be made for the drop in voltage caused by the fiow 
of the voltmeter current through it whenever the grid voltage is 
to be checked with the voltmeter of the set analyzer. 
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If the lOO-yolt scale of a 1,000-ohms-per-volt meter is used, 
the total resistance around the grid circuit is 600,000 ohms, neg- 
lecting JBj. The voltmeter has but 100,000 of the 600,000 ohms, 
so it reads 1/6 of the true voltage. 'Now 1/6 X 50 = 8.33 volts, 
which is approximately our reading. (Note: 600,000 ohms equals 
thfe 600,000 ohms of pl^s fhe 100,000 ohms of the voltmeter.) 
This accoimts for the grid-voltage reading of only about 8 volts 
when the grid-bias potential of 50 volts actually exists. 

The true voltage in this circuit could only be measured with 
an indicating instrument that required little or no current for 
its operation, such as a vacuum tube voltmeter (see Arts. 7-9 
to 7-13) or a voltmeter of 20,000 ohms or more per volt. If the 
tube were transformer-coupled to the preceding stage, the resist- 
ance of the audio transformer secondary would be too low to 
have any appreciable affect on the bias voltage indicated on 
the meter, and the true value would be read. 

As another example, let us assume that the plate voltage and 
plate current readings are excessive and no grid-bias voltage 
reading is obtained. It is evident from Fig. 20-11, that this 
condition may be caused by either an open-circuited transformer 
secondary winding or an open-circuited grid leak resistor Ef 
(depending upon the type of inter-stage coupling employed), a 
short-circuited bias resistor Ma or short-circuited by-pass con- 
denser Ci. It may then be necessary to test some of these com- 
ponents independently by the most suitable method (see Chap- 
ter XXII) in order to determine just which unit is at fault. 

However, if we remember that both plate voltage and plate 
current exist and are higher than norndal, then a little reasoning 
will enable us to eliminate several of the components from sus- 
picion. If the grid-bias resistor Ra were open-circuited, no plate 
voltage or current indications could be obtained, since this re- 
sistor completes the plate circuit. The only possible defects that 
remain, then, are an open-circuited grid leak, Ej, or a short- 
circuited by-pass condenser Cf In both oases, the symptoms 
of choked and choppy reproduction will be present. An open 
grid leak may result in a lower than normal plate current becaui^e 
of the accumulation of electrons on the grid- This, however, is 
not a general rule, as it depends upon the amount of gas in the 
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tube, the voltages applied, etc. If the set analyzer incorporates 
a grid-to-plate test, an open-circuited grid leak will be dis- 
closed by the fact that no voltage reading is obtained. If a read- 
ing is obtained, then the by-pass condenser Ci is short-circuited. 

At times, the by-pass condenser C in Figs. 20-6, 20-7 and 
20-8 and Cj in Fig. 20-11, will open-circuit. If the condenser 
is in an r-f stage, the attendant symptoms are, usually, oscilla- 
tion and general instability of the receiver. When the by-pass 
condenser is employed in an audio stage, an open-circuited unit 
will result in oscillation, distortion and poor low-frequency re- 
sponse. The same symptoms will be manifested in the case of 
indirect-heater type tubes. 

When indirect-heater type tubes, such as the '27, '56, *36 or 
'24, are employed in a grid-leak and condenser detector circuit, 
such as is shown in Fig. 20-12, no grid bias will be obtained, since 


Fig. 20-12. — Circuit 
diagram of a typical 
grid-leak and conden- 
ser detector circuit 
employing an indi- 
rect-heater type tube. 



the cathode is connected directly to the grid return. If the tube 
is used as a power or grid-bias detector, the arrangement of Fig. 
20-6 is used, and the grid bias can be measured. Should no grid 
bias — or less than normal grid bias — ^be indicated, it is possible 
that the cathode by-pass condenser C is short-circuited or leaky. 
If the secondary winding of the r-f or i-f transformer is open- 
circuited, no grid bias reading could be noted, . but cathode 
voltage would be obtained. In this instance, an open-circuited 
secondary winding would result, most likely, in an inoperative 
receiver. 

It is interesting to note here that “cathode voltage" is not 
always the same as “grid voltage." Cathode voltage is the volt- 
age from cathode to chassis. Grid voltage is the voltage from 
grid to cathode. In most cases, they are the same numerically, 
but a circuit design may be such that a difference of potential of 
as much as 50 volts may exist between cathode and chassis, but 
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a potential difference of only 10 volts may exist between the 
cathode and the grid because of a tap on the cathode-to -chassis 
resistor to which the grid return connects. 

In many superheterodyne receivers, the oscillator tube is 
connected as shown at Pig. 20-13. A low grid-bias reading 
should be expected when the grid bias is checked in this type of 
circuit, because the grid-return path is completed through Rg, 


Pig. 20-18. — A typ- 
ical oscillator circuit 
arrangement employ- 
ed in superheterodyne 
receivers, is the 

grid-bias resistor. 



a 40,000-ohm resistor, since the path through the grid coil is 
blocked by the grid condenser Cs- Allowance must be made, 
therefore, for the drop in voltage caused by the flow of meter! 
current through Rg, which accounts for the low grid-bias read-f| 
ing obtained with the voltmeter. | 

A positive grid-bias voltage reading is an infrequent, though i 
by no means impossible, occurrence. This may occur wh^;; 
the coupling condenser in a resistance-coupled r-f or a-f stagA 
short-circuits or becomes leaky, or when the primary winding 
of a transformer-coupled stage short-circuits to the secondary, 
impressing a positive voltage on the grid. This trouble will be | 
accompanied by an abnormally high plate current in the tube 
in that stage. I 

20-13. Interpreting Plate Voltage Readings Obtained with 
the Set Analy 2 ;er. — In cases where an abnormally low r-f plate 
voltage is revealed by the set analyzer, the exact manner in 
which the tube is .being used should be determined before any 
diagnosis is made. In the older receivers using three-electrode 
tubes in the a-f amplifier stages, manufacturers often employed 
a variable resistance in the cathode circuit to control volume or 
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oscillation. When it is found that the receiver employs a vari- 
able resistor as in Fig. 20-8 to vary the cathode voltage of the 
tube, this control should be turned to its ^‘minimum” resistance 
position before any plate voltage tests are made, since it is in the 
plate circuit as well as in the grid circuit. 

If the analyzer indicates that some one tube is not receiving 
grid bias voltage, the trouble may be caused by either a faulty 
volume control, a faulty series plate resistance, or an open-cir- 
cuited plate-coupling device (such as the choke in parallel-feed 
circuits, the primary of an a-f transformer, or the plate resistor 
in a resistance-coupled stage). Very often, it will be found that 
instead of having a resistance in the plate circuit of an r-f tube to 
cut down oscillation, this resistance is connected in series with 
the grid. It is then called a grid suppressor, and is connected as 
shown in Fig. 20-14. An open-circuit in this resistor, of course, 
will prevent grid bias from being present at the grid of the tube. 

Suppose no plate voltage reading is obtained at the sockets 
of any of the r-f or i-f amplifier tubes employed in a receiver. 
This may be caused either by failure of the bias resistor (should 
this be common to all these stages as in Fig. 20-7) or to an open 


Pig. 20-14. — The 
grid-suppressor resis- 
tor arrangement used 
in the grid circuits of 
the 3-electrode r-f am- 
plifier tubes of many 
early t-r-f receivers. 



section of the voltage divider in the power pack, assuming that 
all circuit connections and joints are well made and in perfect 
condition. If it is noted that the plate voltage on the output 
tube (which usually receives the highest voltage of any tube in 
the receiver) is lower than normal, and all other corresponding 
voltages are also lower, there is a strong likelihood that an r-f 
by-pass condenser has become leaky or partially short-circuited. 
This failure may be disclosed by an ohmmeter test of each con- 
denser. In some instances, however, an r-f by-pass condenser 
p^&y break down only under load, and it cannot be located by 
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means of the ohmmeter. Because of this fact, it may be neces- 
sary to unsolder or disconnect each r-f by-pass condenser, in 
turn, with the receiver switch ''on"'. An increase in plate volt- 
age when any one of the condensers is disconnected will indicate 
the faulty unit. 

Any high-voltage by-pass (filter) condenser can cause the same 
symptoms as those described in the previous paragraph. Usual- 
ly, however, power-unit condensers are of the types designed to 



Fig. 20-15. — Typical plate, screen and grid bias circuits of two 
screen-grid amplifier stages employing a bleeder resistance system. 
Correct interpretation of analyzer readings taken on a receiver 
employing circuits of this kind are discussed in the text. 

withstand high voltage safely, and do not break down as easily 
as the much smaller units used in r-f circuits. 

In some receivers a low plate voltage reading is caused by a 
defective voltage divider system which employs moulded carbon 
resistors. Excessive current causes these units to lower in re- | 
sistance value. This defect will result in the variation of other | 
voltages from normal, as well as in oscillation and distortion, t 
Methods of testing carbon resistors are presented in Chapter 
XXIL 

20-14. Interpreting Analyzer Readings on Bleeder-Type 
Screen Circuits. — The screen-grid tube circuits of modem 
receivers require, perhaps, the most analysis. The screen volt^ 
age measurements are made during the routine checking of tlie 
socket terminal voltages and currents. If they are normal the 



CH. XX VOLTAGE-CURRENT RECEIVER ANALYSIS 


513 


analysis may be continued; if not, the interpretation of the 
trouble depends entirely upon the type of screen-grid circuit 
employed in the particular receiYer under test. For this reason, 
the following paragraphs will be devoted to a discussion of the 
most common screen-grid tube circuits used in modern receivers. 

Figure 20-15 is a common type of circuit. The screen-grid 
voltage for tube is obtained through resistor Hj, which is 
really a tap on a bleeder resistor composed of Bi, jK* and Es- 
Note, also, that Es is the grid bias resistor for Vi. The direction 
of the current is shown by the arrows. That through L is the 
plate current (Ip) ; that through Ej is the screen and bleeder 
current (/« -f- Ib) ; that through is the bleeder current alone 
(Ift) ; and that through Es is the sum of the plate, screen and 
bleeder currents. 

If Z/ should open-circuit, the current through Rs would de- 
crease, which would reduce the bias applied to the control grid 
of the tube. This low bias would increase the screen current 
(which acts now as the plate of a triode), which means that 
the current through Ei also increases. Increased current through 
El causes an increased voltage drop across Ri, which means 
lower screen voltage. Hence, if when a particular stage is an- 
alyzed it is found to have abnormally low bias, no plate voltage, 
no plate current, abnormally high screen current, and normal or 
less than normal screen voltage, then the plate load, L in this 
case, is open — ^provided the circuit network is similar to that 
shown in Fig, 20-15. 

If El were open circuited, the tube would become totally in- 
operative on account of the great increase in its plate resistance. 
Therefore, the screen voltage and current would be zero, and 
although the plate voltage would be normal, no plate current 
can flow on account of the high plate resistance- As a result, 
the grid bias will also be zero since no current is flowing through 
Ba to cause a voltage drop through it. 

If Ri were short-circuited, the screen and plate voltages 
would be equal, the screen current would be higher than the 
plate current, the grid bias would be abnormally high (because 
of the high screen current) , and the plate current would be low 
because of the high bias. 
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If Rn were open-circuited^ the screen voltage would be high 
because of the decreased drop across Ri, the plate voltage would 
be about normal, the screen and plate currents would be high 
and the grid bias low. 

If Ri were short-circuited, the plate voltage and plate cur- 
rent would be slightly lower than normal (depending upon how 
good the voltage-regulation of the power unit is), the screen 
voltage would be equal to the grid-bias voltage, the screen cur- 
rent would be low, and the grid bias would probably be low. 

If Ri were open-circuited, the screen and plate voltages would 
be zero, the screen and plate currents zero, and the grid bias 
would be zero. 

If either Rs or the by-pass condenser C across it were short- 
circuited, the plate voltage would be about normal, the plate 
current would be high because of the zero bias, the screen cur- 
rent would be about normal (it should also be high, but the high 
screen current flows through Ei, which tends to drop the screen 
voltage, lowering the screen current), and the screen voltage 
would be low. 

It is of greatest importance here to note that the analyzer 
voltmeter will read zero, indicating zero grid-bias voltage, if 
Ri is either open- or short-circuited. This serves as a good illus- 
tration of the fact that when a voltmeter reads zero it is not 
always an indication of an open circuit; it merely means that 
there is no difference of potential between the two points be- 
tween which the meter is connected. If Rs in Fig. 20-15 is 
either open- or short-circuited, there is no difference of potential 
between the grid terminal and cathode, and the voltmeter will ; 
indicate zero grid bias. Hence, in a case of this kind, it is? 
necessary to determine which condition exists. This may bej 
done by checking the plate and screen voltages and currents, 
for they are affected differently by an *^open’' or a ^^shorted!; 
grid-bias resistor Rs. 

The screen circuits for two or more tubes are exactly the 
same as that for Fi. For instance, the screen circuits for tube 
Vi in Fig. 20-16 may be analyzed by checking the ciroxiits of 

Rg and Re which correspond to Ri, Rg and Rg respectively. 
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20- 15. Interpreting Analyzer Readings on Series- Con- 
nected Screen Circuits, — Figure 20-16 illustrates a simple series 
type screen circuit. The 3 plus connects to a resistor which 
feeds the screen grids of all the tubes. This is perhaps the 
most common screen voltage-reducing system in use. If R* 
open-circuits, the screen voltage and current will be zero in both 
tubes, and since no plate current will flow on account of the 
great increase in plate resistance, the grid bias will therefore be 
zero. The plate voltage, as in the case described previously 
will be about normal. The only current through is the screen 



Fig. 20-16. — Typical amplifier stages having a common series- 
connected voltage-dropping resistor in the common screen circuit. 
The total screen current I# flows through this resistor, producing a 
voltage drop in it. 

currents of all the tubes. Compare these symptoms with those 
indicated for Fig. 20-15 with Ri open-circuited. They will be 
found to be the same. 

If R 2 short-circuits, the screen voltage will be equal to the 
plate voltage, the screen current ^11 be slightly greater than the 
plate current; the grid bias will be larger than normal, and the 
plate current will be below normal because of the high bias. 
Note that in this case the analyzer readings would be exactly the 
same as if Rt of Fig. 20-15 were short-circuited. The necessity 
for having a schematic circuit diagram of the receiver on hand 
when the analysis of the set is beiug made, so that the type of cir- 
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cuit employed for each tube in the receiver can be learned, is very 
forcefully brought out by the analysis considerations in both 
this and the preceding paragraphs. It is easy to see that an 
incorrect interpretation of the analyzer readings can be made 
easily if the circuit arrangement in the receiver is not known. 

If bias resistor Bs (in Fig. 20-16) should open- circuit, the 
grid-bias voltage and plate and screen currents of F® will be 
zero, the plate voltage of Vi will be about normal, the screen 
voltage and current of Vi will be high because of the low voltage- 
drop in Rij the grid bias will be high, and plate current low. It 
is possible that the screen current will be about normal because 
of the high bias. Whether it is high, low, or normal depends 
upon the values of the individual resistors used. 

It is important to note that the symptoms described here 
for an open-circuited grid-bias resistor in the cathode circuit of 
V 2 will be the same, though for the opposite tubes, as if 
were open-circuited. The plate and screen currents would be 
zero, the plate voltage of Vs about normal, etc. It is also im- 



Fig. 20-17. — Typical amplifier stages of the type having individ- 
ual series-connected voltage-dropping resistors in the screen circuits- 

portant to note that any variation in R» affects the voltages and 
currents in notii tuDes, t)ecause it is common to both tubes. If 
Rs supplied the screen grids in three pr more tubes, then any 
variation in it would affect the voltages and currents in these 
three or more tubes. Knowledge of this fact enables the alert 
service man to tell quickly if the defective component is com- 
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mon to two or more tubes, by simply noting if abnormal volt* 
ages or currents exist at only one tube or if the same abnorm- 
alities exist at several tubes. The circuit of Eig. 20-15 is such 
that each tube has an individual circuit, and variations in the 
resistors of one tube circuit will not affect the voltages and cur- 
rents in another tube circuit to any marked extent. 

A second type of series screen circuit is shown in Fig. 20-17. 
This is substantially the same as that of Fig. 20-16, except that 
each tube has a separate screen voltage- dropping resistor, so 
that variations in the screen circuit of one tube will not affect 
the screen voltage of any other tube. It is a relatively simple 


Fig. 20-18. — A com- 
mon circuit arrange- 
ment in which the 
bleeder resistor is 
part of the voltage- 
divider resistor in the 
power supply unit. 
The bleeder current 
fb flows through it. 
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matter to interpret analyzer readings taken on a circuit of this 
type, if the directions of the currents shown in this diagram are 
studied and understood. 

20-16. Interpreting Analyzer Readings on Shunt-Con- 
nected Screen Circuits. — The shunt system of feeding screen 
grids and plates is shown in Fig. 20-18. It is to be noted that 
this connection is similar to that described for Fig. 20-15, except 
for the fact that the bleeder current It does not flow through 
the grid bias resistor of any tube. It is shunted directly back 
to the rectifier tube circuit in the power supply unit, as shown. 
The bleeder resistors in this type of circuit are usually con- 
sidered as part of the power supply unit, and will be treated 
under that heading. Various troubles may be predicted from 
their symptoms by the analysis method given for Fig. 20-15, 
(Art. 2u-14) . 

20-17. Interpreting Analyzer Readings on Double-Series 
Screen and Plate Circuits. — Some receivers are designed so 
that the full B plus voltage is applied to the plate circuit of the 
power output tube or tybes, some lower voltage is applied to 
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the plates of the amplifier and detector tubes, and a still lower 
voltage is applied to the screen grids of the amplifier tubes. The 
arrangement commonly employed for such a circuit is shown in 
Fig. 20-19. Resistor Ei drops the full B voltage to that re- 
quired for the plates of amplifiers and detectors, and resistors 
Rs, etc., drop the voltage from that point to the value re- 
quired for the screen grids. If two or more screen grids are to 
be fed from a single resistor, as in the circuit of Fig. 20-16, then 
only resistor 12 a is required. On the other hand, if a separate 



Pig. 20-19. — A circuit arrangement in which double-series resis- 
tors are employed for dropping the voltage for the plate and screen 
<iircuits. Rg is the bleeder resistor connected directly across the out- 
put terminals of the power supply unit. 

resistor is to be used for each screen, as shown in Fig. 20-17, 
then E 4 , Rsy etc. are required. It is also possible to drop the 
full B voltage directly to that required for the screens, inde- 
pendently of the dropping of this voltage for the plates. In 
such instances resistor Rt is used for the plate-voltage line and 
resistor Re is utilized for dropping the screen voltage when all 
the screens are to be fed from a single resistor. Of course, sep- 
arate resistors may be used — one for the screen of each tube. 

The analysis of such a circuit, and the correct interprefee- 
tion of the analyzer readings, are no more conipliceied tfaaar 
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been described for the other circuit arrangements, except for the 
effect of the additional resistor It is evident, however, that 
•when Ri open- circuit the voltage on the plates of all the tubes 
fed by Ri becomes zero, while the plate voltage on the output 
tube or tubes (shown at the right) remains substantially con- 
stant. If the screen voltages are also supplied by JKi, then they 
too will be zero. If they are fed by separate resistors from the 
original B plus line, like Bey then the screen voltages will be 
normal. The bias voltage will change according to whether 
Be 18 open or shorted j and the effect of too much or too little 
bias can be predicted in a manner similar to that previously 
explained. 

For those service men with little experience, it is recom- 
mended that the currents through each voltage divider circuit 
illustrated here be traced, and the analyzer readings for various 
trouble symptoms predicted. The symptoms as indicated by the 
analyzer should be memorized for each type of circuit, so that 
little time will be wasted in attempting to determine their 
significance. Then, too, the .symptoms as revealed by analyzer 
readings are characteristic of the type of voltage divider circuit 
employed, and with a little practice, it is possible to make a 
good guess regarding the type of circuit in use by merely inter- 
preting the readings of the analyzer. 

'm 

Regardless of the voltage divider syjt^em in use, however, 
most power supply units are shunted by a ‘‘bleeder” resistor, 
shown in Fig. 20-19, to maintain the voltage applied to the filter 
condensers fairly constant as the load current changes. Also, if 
all the tubes were to be removed from their sockets and JR* 
were open-circuited (or were not present), the decreased volt- 
age-drop in both the rectifier tube and the filter choke would 
allow the voltage across the filter condensers to increase to such 
a high value that it might rupture the dielectric in these con- 
densers. 

20-18. The Power-Supply Unit of the Receiver. — ^If no 
plate voltages, or abnorjpally low plate voltages are found at the 
sockets of all the tubes in the receiver, it is possible that the 
trouble lies in the power supply unit.. The power supply unit 
(see Fig. 20-20) is composed essentially of a power transformer. 
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a rectifier-filter system, comprising one or more filter chokes an 
several filter condensers, and a voltage-divider system compose 
of a suitable resistance bank. The power transformer consists of 
primary winding, P, and several secondaries, wound over a lam 
inated steel core. One secondary winding, Si, the ‘‘high-voltag 
secondary/’ contains more turns than the primary. Other low 
voltage windings, S^, Ss and Sj^, supply current for the filamen 
of the rectifier tube, and for the filaments or heaters of the othe 
tubes used in the receiver. 

The alternating current that is rectified by the rectifier tub 
Be becomes a pulsating direct current. This is delivered to th 
filter system composed of the iron-core chokes Li and L, an( 
the filter condensers Ci, Ct, Cs, which smooth out the pulsatinj 
component and deliver a smooth d-c voltage to the voltagi 
divider. 

The circuit shown in Tig. 20-20 is that of a typical power sup 
ply unit. Of course, variations in this circuit arrangement wil 
be found (two are shown in Figs. 20-10 and 20-11) . The speak® 
field may be employed as a filter choke or voltage divider, or th< 





Fig. 20-20. — The fundamental circuit arrangement employed 
in most typical power supply units in a-c electric receivers. In matiy, 
only a single filter section is used instead of the two sections shown 
here. 

entire filter arrangement may consist of only one filter choke and 
two filter condensers, etc. 

20-19. Action of the Filter Circuits in Power Supply 
Units. — Of the enormous variety of filter circuits that may be 
used to smooth out the pulsating d-c variations from rectifiers, 
but two types are emploved in radio receivers. These two are 
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known respectively as “choke-’^ and condenser-input” type fil- 
ters. A choke-input type filter is shown in (A) of Fig. 20-21, and 
the condenser-input type filter is shown in (B) of the same il- 
lustration. 

The input voltage to a filter of the choke-input type is shown 
in Fig. 20-22. Because Li is a large iron-core inductance, the 
current variations through it cannot be very rapid, since the in- 
ductance tends to prevent any change (either an increase or a 


t.i t-z 
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# ! 
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Li 
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Fig. 20-21. — Typical filter systems employed in the power supply 
units of radio receivers. 

(A) This is the choke-input type filter. 

{B) This filter is of the condenser-input type. 


decrease) in current through it. The voltage output of the 
first inductance, Li, is applied to the first condenser Ci, which 
charges up to the ^^average” value of the fluctuations. When the 
voltage input to this charged condenser tends to decrease, 
it discharges into Lg, and when its voltage input tends to 
increase, it charges up again. Therefore, the current entering 
the second inductance, Lg, is fairly constant with but slight 
variations. This second inductance tends to prevent what small 
variations are left from taking place, so that the voltage across 
O'* is the average of whatever variations remain. This action is 
illustrated in the series of diagrams of Fig. 20-22. 

The analysis of the second section, Lg Cg of this filter may 
be made in exactly the same manner, considering the volt- 
age across Oj as the input voltage of the system. 

The condenser-input type filter of (J5) in Fig. 20-21 has a 
somewhat different action. As soon as the rectifier starts to 
function, the input condenser Ct starts to charge to the peak 
value of the input. And, as the input voltage drops, the con- 
denser discharges into the first inductance Li, which tends to 
maintain the current constant. The shape of the vo}tage across 
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Cl is shown by the heavy curve of Fig. 20-23. Now, the larger- 
the value of Ci, the more charge it can take, and the more it 
must discharge in order to have its voltage drop to a certain^ 
point. If Cl is very large, it discharges slowly and steadily into- 
Lij and its voltage drops but little before the input voltage starts^ 
to charge it again. Hence, in a condenser-input filter, the voltage- 
output rises as the size of the input condenser is made larger. 
In fact, it acts exactly like a tank with a hole in its side. As the- 
water is forced out of the hole steadily, the level of the water in- 
the tank falls. However, just as the water reaches the level of the- 
hole, the tank is filled again, and the process continues. If the- 
tank is made larger in diameter, then more water can leak out 
before the level decreases to that of the hole. 

The action in the foregoing analogy corresponds to that of the* 
filter. The load draws current from the filter continuously. 
When the rectifier voltage falls below the voltage to which Ci 
is initially charged, then Ci begins to discharge into the loadi 
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Fig. 20-22. — Graphs- 
showing the wave- 
forms of the currents- 
and voltages in a 
choke-input type filter- 
(see (A) of Fig.. 
20 - 21 ) . 


to supply it with current until its voltage falls below the value* 
of the applied voltage, when it again begins to charge up. The* 
larger Ci is made, the more current can be drained from it with- 
out having its voltage fall below a certain level. 

From a practical standpoint, the difference between these two* 
filter systems is that the condenser-input system delivers more* 
voltage output because qf the fact that the tank oondenser, Oi^ 
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charges up to the peak value of the input voltage; in the choke-in- 
put system the first condenser charges up to only the average of 
the input voltage minus the voltage drop in the first choke. A 
filter system designed for choke input can have its output volt- 
age raised by installing an input tank condenser, and a condenser- 
input type filter can have its voltage lowered by removing the 
tank condenser. 

Care should be taken when installing tank condensers, or ap- 
preciably increasing the size of tank condensers. If the rise in 

\ VOLTAGE 
APPLIED TO 
TAMK COND 
\ C, BY RECT 


Fig. 20-23. — The wave-form of the voltage across the tank con- 
denser Cj in a condenser-input type filter such as is shown at (R) 
of Fig. 20-21. 

output voltage is great enough, it may rupture the existing filter 
condensers which were installed for a lower voltage system. 

20-20. Analyzing Troubles in the Filter Circuit. — Should 
any one of the chokes in the filter of Fig. 20-20 open-circuit, 
no voltage will exist at the tubes in the receiver. This is not true 
in those receivers in which the plate voltage supply for the power 
output stage is taken out after the first filter choke. In these 
receivers, an open-circuited second filter choke will affect the 
plate voltage of the power output tube, or tubes, only insofar as 
increased voltage is concerned. If any one of the condensers, 
Ciy or Cs becomes short-circuited, no voltage at all, or a 
very low voltage (if leaky filter condensers or high-resistance 
chokes are present) will exist at the plates of the tubes in the 
receiver. 

The most common trouble occurring in power units is that of 
shorted filter condensers. When the plates of a rectifier tube be- 
come red, it is usually a good indication of a Bhort-circuited filter 
tank condenser, Ci. Should C* short-circuit, the choke hi will 
beal^ up considerably, and sometiineB the rectifier tube plates will 
become red. Shorted filter condensers of the tinfoil-paper type 
must be replaced by new units of similar capacity and voltage 
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uaiing. Faulty electrolytic coadensers must be replaced if they 
do not renew their insulating film when removed from the source 
of voltage. (See Chapter XXIJ on the testing of electrolytic 
condensers.) The dry type of electrolytic condenser does not 
possess the self-healing characteristic to the same degree as the 
’wet type, and generally must be replaced when found short- 
circuited. Open-circuited filter condensers almost always mani- 
fest themselves by increased hum and decreased voltage output. 

Testing the voltage-divider resistor does not present any 
special difficulties if the resistance of each section may be meas- 
ured. Should section Bij Fig. 20-20, open-circuit, no voltage will 
be obtained on any of the tubes except the power output tubes; 
if Rt is open-circuited, the detector plate will receive no voltage 
and the r-f and i-f tubes will have more than normal voltage. 
Regardless of whether resistance Rs is open-circuited or not, 
voltage readings will be obtained at each section of the voltage 
divider. The effect of an open-circuited resistor Rs will be to 
slightly increase the voltage at the other taps and cause un- 
stable operation, perhaps oscillation. If a dynamic-speaker field 
coil is employed as the second filter choke (see Figs. 20-9 and 
20-10), the voltage drop across the field will be substantially 
reduced if iSj open-circuits, and low volume and poor tone may 
result because of insufficient energizing current for the speaker 
field. 

If Ri (Fig. 20-20) short circuits, the r-f and a-f tubes will 
have the same plate voltage as the power tube; the overall volt- 
age will be less because the increased current causes an increased 
voltage drop across the two filter chokes. The decrease in volt- 
age, however, will be small in most cases. 

If short’’ circuits, the r-f, a-f and detector tubes will re- 
ceive the same plate voltage, though less then normal because 
the additional current will increase the voltage drop through Ri 
and the filter chokes. 

If Rs should short circuit, the detector tube will have no plate 
voltage, and the other tubes will have slightly less than normal 
plate voltage because of the increased voltage drop across the 
two chokes and the resistor R^ 

A partially short-circuited high-voltage secondary of the 
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power transformer will result in overheating of the transformer 
and decreased voltage output on all plates, since a short-circuited 
secondary reduces the primary inductance, causing an increase 
in the flow of primary current. This increased current increases 
the voltage drop in the resistance of the primary, and decreases 
the secondary voltage. Short-circuited filament windings will 
also increase the primary current and lower the secondary volt- 
ages, If the primary current should increase above a certain 
value for any reason whatsoever, the line fuse may burn out, or 
the primary winding itself may become so hot that the insula- 
tion on the wire will soon become heated and break down. This 
causes a general '^shorted” condition in the primary, which even- 
tually results in the burning out of the primary winding. As far 
as the rectifier tube or its output circuits are concerned a shorted 
power transformer primary or secondary will not affect them in 
any way. 

When making an analysis of a receiver for a new customer, 
always determine how long the receiver has been in use in the 
existing location. Many people move from one town to another 
and plug the radio set into the nearest outlet indiscriminately, 
without inquiring as to whether the frequency of the power line 
is 25 or 60 cycles. (Of course, a d-c set will hum terrifically 
if it is operated on a-c, and an a-c set will blow a fuse if it is 
connected to a d-c line.) The usual a-c receiver will operate 
on lines of from 50 to 60 cycles, and is called a 60-cycle re- 
ceiver. If the electric light line has a frequency lower than 50 
cycles, it should not be connected to an ordinary 60-cycle re- 
ceiver. A receiver designed especially to operate from a power 
line of the lower frequency should be employed instead. For 
instance, a 25-cycle receiver is one in which a power transformer 
and filter designed especially to operate satisfactorily at this 
low frequency, is used, 

A BS^cycle set will operate on 60 cycles without any notice- 
able change in voltage, hut a 60-cycle receiver cannot operate 
from a $5 -cycle line successfuUy. 

If an attempt is made to operate a 60-pycle receiver from a 
25-cycle line, the power transformer will overheat, and the out- 
put voltages will be low because of the excessive primary cur- 
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rent. In most cases, the primary winding of the transformer 

ynll eventually burn out if the line fuse does not blow first. 

REVIEW QUESTIONS 

1. Make a list of the different tests which should be made on an 
inoperative a-c electric receiver with the set analyzer if the 
^‘preliminary tests” fail to reveal the trouble. State the order 
of these tests. 

2. Explain how each of the tests in the preceding question are made. 
Explain the value of each of these tests. Select any two of 
them and explain in detail just what troubles might be revealed 
by their use. 

4, What does the failure to obtain voltage readings at the following 
points of the tube socket of an i-f amplifier indicate in each case : 
(a) filament; (6) plate; (c) control grid? 

6. Why is it more practical to first check the power unit when an 
inoperative receiver is serviced? If the plates of a rectifier tube 
become red hot, what does this indicate? How may it be 
remedied? 

6. What indications would be obtained on a set analyzer in each 

case if the following troubles occurred in an i-f stage of a 
receiver in which an indirect-heater screen-grid type tube is 
employed with the circuit arrangement of Fig. 20-17? (a) an 

‘Vpen” grid-bias resistor; (b) a “shorted” grid-bias by-pass 
condenser; (c) an “open” secondary winding in the stage tuning 
coil; (d) an open-circuit in the primary of the following tuning 
coil; (e) a short-circuited tuning condenser in the stage. 

7. What reason would you give for obtaining a low grid-voltage 
reading on a triode power tube which is resistance-coupled to 
the preceding stage. Assume values and calculate a typical 
case. 

8. What effect would a leaky plate-grid audio coupling condenser 
in a resistance-capacity coupled a-f amplifier have upon the grid 
voltage of the tube to which it is connected? What effect would 
this have on the operation of the entire receiver? 

9. Draw a simple sketch of a typical r-f stage employing a screen- 
grid tube, and point out the possible causes for the lack of screen 
voltage on the tube in that stage. 

10. How many different ways are there of obtaining screen voltage? 
Name them I 

11. Draw a diagram of each type, and jpredict what the analyzer 
readings would be if the various resistors were: (a) “shorted” 
in turn; (b) “open” in turn. 

12. What two types of filter systems are used in power supply units? 
Draw a circuit diagram of each type. 

13. What is the advantage of the condenser-input type? Why? 

14. W^hat is the effect of a shorted filter condenser iu the ce nter 
position of a three-condenser-two-choke filter system? Explain! 

16. Can a 25-cycle receiver operate from a 60-cycle line successfully 
without changes? State reason 1 

16. Gan a 60-cycle receiver operate from a 26-cycle line successfifily 
without changes? State reason! 
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RECEIVER ANALYSIS BY RESISTANCE TESTS 

21-1. Introduction. — In Chapter XII we discussed the ad- 
vantages and disadvantages of receiver analysis by means of 
resistance tests and concluded that a voltage-aurrent test is as 
•essential as a resistance analysis for accurate localization of 
trouble. We also pointed out the fxmdamental principle upon 
which a resistance analysis is based, and showed how the in- 
dividual resistors may have their values checked — ^usually with- 
•out removing the set from the cabinet. It is not the purpose of 
this chapter to discuss these questions again, but rather to show 
by means of an actual analysis just how a point-to-point tester 
•should be used on a modem receiver. 

We will consider, for our purpose, the t 3 q)ical all-wave re- 
•ceiver whose schematic circuit diagram is shown in Fig. 21-12, 
and analyze every circuit in it. An important consideration 
■must be emphasized here: a resistance test is usually a “cold” 
test. A resistor may be normal when “cold” and have a much 
•different value of resistance, or even be “open” or “shorted”, 
when “warm”. For this reason, it is well to heat the chassis 
artificially during a resistance test whenever possible and when- 
•ever a defective unit is difficult to locate. This is especially 
important when the symptom of trouble is “intermittent recep- 
tion”. Artificial heating may be effected by means of a small 
•electric heater, directed on the chassis as shown in Fig. 23-16. 

In order to correctly interpret the readings taken during the 
•complete resisttance analysis of modem radio receivers, most of 
which employ rather complicated resistance networks, it is es- 
-ential that a thorbu^ knowledge of series, parallel and series- 
loarallel circuits be had. Although it is assumed in , this book 
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that the reader is sufficiently well versed in fundamental elec- 
trical and radio theory to know the laws of series and parallel 
circuits, the following few sections will be devoted to a brief 
resume of these laws for the benefit of those who require ''brush- 
ing up’’ at this point, and to show the reader just how these cir- 
cuits enter into modern radio receivers. (For a more detailed 
and complete discussion of the theory of series and parallel cir- 
cuits, the reader is referred to the Radio Physics Course^ by 
Ghirardi.) 

21-2. Series Circuits. — ^For current to flow in any conduc- 
tor or circuit, a difference of potential must exist between the 
terminals of that conductor or circuit. Current flows from the 
positive terminal to the negative terminal (using the conven- 



Fig. 21-1. — Three resistances Fio. 21-2. — choice, a coil 

connected in series with each and a resistor are shown here 

other across a source of volt- connected in series with each 

age, E. All of the current other. The respective reaiat- 

flows through each resistor. ancea of these devices might 

Each resistor has a different be represented as shown in 

voltage drop across it. Pig. 21-1- 

tional notation). When electrical devices are connected one af- 
ter the other in such a way that all of the current flows through 
each of them they are said to be in series. In other words, a 
series circuit is one in which the current has but one path. Thus, 
in Fig. 21-1, three resistances of unequal value are connected in 
series with each other across the voltage source E {all the current 
flows through each resistor). The total resistance, R, of the 
circuit is equal to the sum of the individuaf resistances, that is: 

J?2 = -}- r* -f- . etc. 

If the values of the individual resistances are as marked, the 
total resistance of the circuit is: 

J2 == 100 + 20 -f- 480 = 600 ohms. 

While all of the units indicated in the circuit of Fig. 21-1 
are shown as resistors, it is not necessary that they actually be 
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simple resistors. Since we are simply considering resistance here, 
it might be the resistance of a commercial resistor, the resistance 
of a transformer winding, the resistance of a choke coil, etc. 
Whatever the jorm of the resistance is, does not matter, as long 
as it is electrical resistance that vre are considering. For in- 
stance, the resistances of Fig. 21-1 might represent the respective 
resistances of a filter choke winding, the primary winding of an 
r-f transformer, and a commercial resistor, all connected in series 
as shown in Fig. 21-2. Figure 21-2 shows the circuit with the 
symbols for the units themselves. Each of these units offers some 
definite resistance to the flow of current through it. Fig. 21-1 
shows the circuit with merely the resistances of these imits in- 
dicated. 

There is a voltage drop across each resistance in a series cir- 
cuit, due to the passage of the current through it. It is perhaps 
clearer to look on 'Voltage drop,'^ or "fall of potential,'^ simply 
as the amount of voltage which is required to force the current 
through the resistance, against its op'posing action. Naturally, 
the voltage drop is equal to E = / X -K, in accordance with 
Ohm's Law. It is seen that the amount of this drop depends 
upon both the resistance and the current, and increases as either 
of these units is increased. 

If a voltmeter were connected across resistor in Fig. 21-1, 
it would indicate the "voltage drop" or "fall of potential" across 
this resistance, i.e., it would indicate how many "volts" of elec- 
trical pressure are required to send the current (that is flowing) 
through this resistance, against its opposing action. In the case 
of Tt, connected in the circuit shown, this is 1 volt. Similarly, 
the voltmeter would read 0.2 volt when connected across r*. If 
it were connected across resistance r,, it would indicate 4.8 volts. 
The sum of all these voltage drops around the circuit is equal to 
1 + 0.2 + 4.8 = 6 volts, which is equal to the voltage E of the 
source. This illustrates another fundamental law of the series 
circuit: 

The sum of all the voltage drops across the individual resist-- 
ances which are connected to form a series circuit is equal to 
the total voltage applied to the complete circuit. 



530 


MODERN RADIO SERVICING 


CH. XXI 


If any unit in a series circuit becomes short-circuitedj the 
current will increase, because the total resistance of the circuit 
is thereby decreased. However, if the resistance of the unit which 
‘'shorts” is only a small proportion of the total resistance of the 
circuit, the increase in the current may be so small as to be hard- 
ly noticeable. This should be kept in mind. 

For instance, consider the primary winding, of an r-f or i-f 
transformer, which forms a series circuit with the plate-cathode re- 
sistance of the vacuum tube, possibly a voltage-dropping resistor, one 
or Iwo choke coils in the J5-filter, the plate-filament resistance of the 
rectifier tube, and half the high-voltage secondary winding of the 
power transformer (trace out the complete plate current circuit for 
tube No. 4 in Fig. 21-12). In a circuit of this kind, the re- 
sistance of the primary winding of the r-f or i-f transformer is only 
a very small proportion of the total resistance of the circuit, hence 
the current flowing in the circuit would hardly be disturbed if this 
coil were to short-circuit. Therefore, such a trouble could not be 
detected by measuring the plate current of the tube. However, if 
its resistance were, say, ^ that of the entire circuit, shorting it 
would cause an appreciable increase in the current (60%). 

If any unit in a series circuit becomes open-circuited, the 
current path is broken, and no current will flow through the cir- 
cuit. 

21-3. Parallel Circuits. — ^When parts of a circuit are con- 
nected in such a way that they present separate paths through 
which the current can divide, they are said to be connected in 
parallel, multiple, or shunt. The total voltage is applied to each 
part of the circuit, but only a portion of the total current flow- 
ing from the source of e.m.f. flows through each path. 

A parallel circuit consisting of three resistances connected in 
parallel to a source of voltage, E, is shown in Fig. 21-3. Only a 
portion of the total current, I, flowing through the battery passes 
through each of the three parallel paths, but the sum of the 
three parallel-path currents is equal to the total current supplied 
by the battery. Each current has a value determined by Ohm's 
law, I = E/R, and the total current equals the sum of the in- 
dividual currents. 

Electrical devices connected in parallel need not necessarily 
be resistors. The parallel circuit may be composed of any elec- 
trical devices, such as resistors, coils, chokes, etc., as shown in 
Fig. 21-4. 

The electrical devices connected in parallel may all have fiite 
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same resistance or they may all have unequal resistances. In 
special cases where all the resistances are equal, the total cur- 
rent divides equally among the various units, and the combined 
resistance of all the paths considered together is equal to the 
value of one of the resistances divided by the number of re^ 
sistances. Thus, if the three imits in Fig. 21-4 have a resistance 
of 300 ohms each, the total resistance of the circuit is 300/3 — 
100 ohms, since three equal paths or branches are being pre- 
sented to the flow of current instead of only one. 

When the resistances of electrical devices connected in par- 
allel are not equal, the combined resistance must be foimd by 


1*1, +VI, I2-+.I3 I3 



Fig. 21-3. — Three resist- 
ances connected in parallel 
with each other and across a 
source of voltage, E. The 
total current, /, divides, part 
of it flowing through the path 
presented by each resistor. 



Pig. 21-4. — ^A choke, a coil 
and a resistor are shgwn here 
connected in parallel. The 
respective resistances of these 
devices might be represented 
as shown in Pig. 21-3. 


considering the conductances of the various paths. Conductance 
is the opposite of resistance. The resistance of a circuit is the 
opposition it offers to the flow of current ; conductance is a meas- 
ure of the ability of a circuit to conduct current, and is therefore 
the reciprocal of resistance. Conductance is measured in the 
imit called the mho, which is ohm spelled backward. The total 
conductance of a parallel circuit is the sum of the conductances 
of its individual branches. Thus, if R is the combined resistance 
of the parallel circuit, and ri, r*, r,, etc., are the individual re- 
sistance of the parts of the parallel circuit, then, since the con- 
ductance of a circuit is equal to 

— — , we have : 
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from which the combined resistance R may be calculated if the 
resistance of the individual branches are known. Accordingly, 
if the resistor, coil and filter choke shown in Fig. 21-4 have 
values of 480, 20 and 100 ohms, respectively (same as considered 
in Figs. 21-1 and 21-2), then the combined resistance of these 
imits in parallel is, 

_L « ^ -i — + — — - 0.002 -f 0.05 + 0.01 = 0.062 mhos. 
R 480 20 100 


and R = 


0.062 


== 16.1 ohms. 


Notice that in Art. 21-2 ‘we found the total resistance of 
these same three units to be equal to 600 ohms when they were 
connected in series with each other. Here we find their com- 
bined resistance to be 16.1 ohms, when they are connected in 
parallel. 

When there are only two branches in a parallel circuit, the 
combined resistance may be obtained by dividing the product 
of the two branches by their sum. This is expressed as 


R = 


Ti X rt 

Tz -h U 


It can be seen that the combined resistance in a parallel 
circuit is less than the resistance oj any of the paths. In a 
parallel circuit, the voltage across each branch is the same as 
that across every other branch, and is equal to that supplied by 
the source of e.m.f. The current which flows in each branch is 
simply equal to this voltage divided by the resistance of the 
branch (Ohm^s law). If any one of the branches in a parallel 
circuit is ''open,” current will continue to flow through the others. 
However, the total current from the source will be less, since 
the combined resistance of the parallel circuit has increased 
because one path less is now presented for the conduction of 
the current. 

21-4. Series-Parallel Circuits. — Electrical circuits may 
consist of several devices so connected that some are in parallel 
with each other, and others are in series with each other and 
are in turn connected in series with the parallel combination. 
Circuits of this kind are called series-parallel circuits, since they 
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are a combination of both series and parallel circuits. Series-par- 
allel circuits may be simple or they may be exceedingly complex, 
since many combinations and arrangements are possible. A 
simple circuit of this kind is shoTm in Fig. 21-5. Here, a total 
of seven resistors are connected in series-parallel across the source 
of voltage E. Resistors r« and Ts, are in 'parallel with each 
other. This group is in series with resistors and r^, which are 
in parallel with each other. Resistor is in series with both 


Fig. 21-5. — ^A series- 
parallel combination 
of resistors connected 
across a source of 
voltage, E» 




q 60 

60 u> 
-AWVWWWS^ 
rj 60 u3 


1% 40 u> 

-VWWWA— 



groups, and resistor is in parallel with the combination of all 
the aforementioned resistors. 

The ^^total resistance” of the entire circuit can be found by 
solving each section separately and gradually reducing the cir- 
cuit into an equivalent series, and then parallel, circuit. For ex- 
ample, resistors rj, r^ and are in parallel with each other. Since 
the value of each resistor is 60 ohms, their combined resistance is 
60/3 = 20 ohms. Resistors and are each 20 ohms, so that 
their combined resistancei is 20/2 = 10 ohms. These two parallel 
combinations are in series with resistor r^, whose value is 40 
ohms. Thus, if the combined value of the first combination is 
20 ohms and that of the second is 10 ohms, the effective resist- 
ance of the circuit A-R-C-X) is 20 -|- 10 + 40 = 70 ohms. The 
total circuit resistance across the voltage source E, however, 
will be 70/2 = 35 ohms, since resistor r^, whose value is 70 ohms, 
is connected across (in parallel with) this entire circuit. 

21-5. Combining Resistances. — ^Resistances are often pur*- 
poeely connected in series, parallel, or series-parallel in order to 
obtain odd resistanee values or current-carrying capacities that 
are not easily obtainable in standard single commercial units. 
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For instance, suppose a resistor of 125,000 ohms rated at 2 watts 
is required for the voltage-divider system of a radio receiver. If 
such units are not readily available, two 250,000-ohm units of 
1-watt rating may be connected in parallel — ^the 250,000-ohm 
units are standard items. Since each unit carries only half the 
total current here, it dissipates only half the total power dis- 
sipated by the resistors, so 1-watt units are satisfactory. 

As another illustration of the connection of standard size re- 
sistors to obtain some desired odd value, let us suppose that we 
require a resistance of 1,620 ohms for some special purpose. 
Standard resistors of this value are not easily available, but 
standard resistors of 1,000, 600 and 20 ohms are readily avail- 
able. By connecting one of each of these in series, a total re- 
sistance of 1,620 ohms can be obtained. 

21-6. Checking Resistance Networks in Radio Receivers. 
— ^The relation between series and parallel circuits, and those in 
a radio receiver can be more clearly understood by examining and 
breaking down several circuits of a receiver so that each one 
mav be isolated and studied without the complexities caused 



1 ^ typical i-f amplilier stage. 

. actual series circuit formed by the plate circuit coil 

and the three resistors in the path between points A and O of cir- 
cuit (A). 


by the presence of the others. This study will also reveal some 
of the precautions which must be observed when checking re- 
sistors which are part of resistor networks. Let (A) of Fig. 
21-6, represent the i-f stage of a superheterodyne receiver under 
test. If no power supply unit were connected to this stage, and 
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an ohmmeter were connected, from the plate of the tube, (point 
A) , to the chassis, (point G), a reading of 25,600 ohms would be 
obtained, since the plate coil winding (100 ohms), the screen 
voltage-drop resistor (15,000 ohms), the screen bleeder resistor 



Pig. 21-7. — Schematic circuit diagram of a typical simple power 
supply unit having the 7,600-ohm speaker field connected directly 
across the circuit, as shown. 

connected between the screen and cathode (10,000 ohms), and 
the cathode bias resistor (500 ohms), are all connected in series. 
This entire series circuit may be drawn in simplified form as 
shown at (B), A resistance check between points B and O by 


Pig. 21-8. — ^The ac- 
tual series - parallel 
circuit resistance net- 
work which would ex- 
ist across points A 
and & of Pig. 21-6 if 
points C and G were 
connected across the 
power supply unit of 
Pig, 21-7. 



means of an ohmmeter should give a reading of 10,500 ohms, 
since only the screen bleeder resistor and the cathode bias re- 
sistor are in series between these two points. 

Suppose, however, that this tube circuit is connected across 
fk power supply unit similar to that illustrated in Fig. 21-7. It 
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will be noted that the power supply consists of the usual power 
transformer, rectifier tube and filter system. Instead of using 
the speaker field as one of the filter chokes, the field is shunted 
across the junction between the two chokes and ground (5—.). 
If the same check is now made with the ohmmeter by connecting 
it again from A to G, the reading will not be 25,600 ohms again, 
because now another circuit, consisting of the second filter choke 
in the power unit and the speaker field in series, is in parallel 
with the series circuit from point C to point G of (B) in Fig. 
21-6. The series-parallel circuit which now exists is shown in 



Fig. 21-9. — typi- 
cal push-pull output 
stage of a receiver. 
The resistance of each 
half of the input 
transformer secondr 
ary is considered tb 
be 1,000 ohms. j 


Fig. 21-8. The ohmmeter will now indicate approximately 6,190' 
ohms if it is connected between points A and G, 

One point must be kept in mind when making resistance 
measurements of this nature — ^the accuracy of the resistors and 
the probable error in the ohmmeter. If the resistors in the volt- 
age-divider circuit shown in Fig. 21-5 are of the carbon variety, 
a possible plus or minus 10 % deviation from their rated resist- 
ance value must be expected. In other words, any ohmmeter 
reading between 6,571 and 6,809 ohms could be obtained from 
point A to point G in the circuit of Fig 21-8, without tb^i 
necessarily being any trouble in the circuit- By-pass con- 
densers have been omitted purposely from the diagram, sinci 
we are considering only the relation of parallel and series cir- 
cuits to radio receivers insofar as their d-c electrical resistanof 
is concerned. How much the variation in the value of a re 
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sistor affects the operation of the radio receiTer depends of 
course upon its function in the circuit. 

As another illustration of the caution to be .observed when 
checking resistances, consider that the circuit diagram of the 
push-pull output stage of a receiver under test is as shown in 
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Fig. 21-10. — (A) A push-pull output stage connected to the 
power supply unit. The grid bias for this stage is obtained from 
the voltage drop across the 6,000-ohm resistor connected across the 
speaker field. 

{B) The actual circuit network which exists between points 
A and G in circuit (A) is shown here in simplified form. 

Fig. 21-9. .The grid bias for the tubes is obtained in the con- 
ventional way by a resistor in the cathode circuit of the tubes. 
If it is desired to check the resistance of the grid circuit coimeoted 
to each tube, an ohmmeter connected between points A and G 
(which is the chassis) should read 6,000 ohnxs. Making this test 
in this particular receiver is simple and straightforw'ard, since 
the grid circuit is isolated. , 

Let us suppose, now, that the receiver circuit is such that the 
grid bias for the push-pull tubcA is npt obtained from the con- 
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veutional cathode resistor, but from resistors connected across 
the field coil of the dynamic speaker which is in the J5-retum 
circuit (see Art. 20-11), as shown at (A) of Fig. 21-10. Now, 
when the ohmmeter is connected between point A and ground, 
<?, the reading will be about 5,000 ohms. There is a series-parallel 
combination involved in this circuit. The actual arrangement 
of the circuit network across which the ohmmeter is now being 
connected is shown at {B) . The combined resistance of the 
6,000-ohm bias resistor, shunted by another resistor of 10,000 




Fig. 21-11. — (A) A grid-bias resistor which is shunted by a 
variable volume-control resistor. 

(B) An a-f transformer secondary shunted by a variable vol- 
ume-control resistor. 


ohms in series with the 2,000-ohm field coil, is about 4,000 ohms. 
This resistance value, added to that of the input transformer 
secondary winding, results in a total resistance of about 5,000 
ohms between A and O, 

As another example of the precautions which must be ob- 
served when checking resistance values between various points 
in a receiver, consider the fixed grid-bias resistor and variable 
volume-control resistor arrangement shown at (A) of Fig. 21-11, 
Suppose trouble is suspected in this part of the receiver and it 
is desired to check the resistance from the cathode, C, to chassis. 
The reading of an ohmmeter connected between these two pomts 
will depend upon the setting of the variable volume-control re- 
sistor. If the control happens to be set at the ^'minimum re- 
sistance’^ position, a “zero” ohm reading will be obtained. If the 
control is set at the half-way position (assuming the resistance 
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in the second r-f socket and the 6--seetion wave-band switch of 
the receiver is placed in the *^A'' position for standard broadcast 
reception (switches are shown in this position in 

the diagram) . With the point-to-point tester connected between 
“plate^' and ^'ground” a reading of approximately 5,500 ohms 
should be obtained. In this circuit, the primary of the r-f coil, 
Lit, which has a d-e resistance of 100 ohms, resistors Rs, Rs and 
Ry, of 8,500, 6,500 and 3,500 ohms, respectively, are connected in 
series. However, there 
is a parallel circuit al- ' ^nd r-f tube 
so to consider. It con- 
sists of the iron-core 
choke Ls 7 , of 770 ohms,! 
and Ls8f the speaker 
field, of 6,950 ohms, 
connected across the 
B+ output of the re- 
ceiver and shimting Rg, 

Re and B 7 , The equiv- 
alent circuit is shojpn in 
Eig. 21-13. Because of 

the speaker field con- 21-13.— Equivalent simplified cir- 

. ^ , cult diagram of the plate-to-ground and 

nection, it is somewhat the screen-grid-to-ground circuits in the 
diflSicult to analyze the second r-f stage of the all-wave receiver 
. whose circuit diagram is shown in Pig. 

results of this measure- 21-12. 

ipent, or of subsequent 

Rubes in the receiver, unless full consideration is given to this 
series-parallel path. For this particular receiver, it would be 
best to disconnect one side of the speaker field to simplify the 
interpretation of the measurements. Thus, with the speaker 
field disconnected, a plate circuit resistance analysis of this sec- 
ond r-f stage should give a reading of about 18,600 ohms, the 
combined resistance of the series circuit composed of Rg, Re, 
R-j and the primary coil Lxg, 

Let us suppose that a reading of, say, 100 ohms is obtained 
instead. The most logical cause for this low reading is either a 
short-circuited filter condenser C 59 or a short-circuited by-^pass 
condenser Csa^ To check this conclusion, the test plug is re^ 
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moved from the r-f stage and inserted into the rectifier tube 
socket. A reading of 770 ohms (choke I/ 57 ) from the rectifier- 
tube filament to chassis will bear out the conclusion. However, 
it is necessary to remove the chassis from the cabinet to deter- 
mine which one of the two condensers is at fault. Should a 
reading of 846 ohms be obtained from r-f plate to ground, then 
filter condenser Ceo is shorted. 

The test plug is now placed in the second r-f tube socket 
again. Should a reading of 8,600 ohms be obtained from plate 
to chassis, then either — or both — by-pass condensers Ci$ or Cn 
are short-circuited. This can be definitely ascertained by con- 
necting the ohmmeter from screen-grid to ground, as can be seen 
from Fig. 21-14. A zero-ohm reading will be obtained at this 
point if either Cxa or Cts is short-circuited. Suppose that a plate- 
ground reading of approximately 1,250 ohms is indicated. This 
would be the result if condenser Cae were short-circuited. In 
this case, a resistance path of 1,400 ohms, that of R10 and in 
series, is connected across the resistance of Bg, Rg and R 7 . 

There is one additional likely cause of trouble to consider 
insofar as the plate circuit of this stage is concerned. The possible 
incorrect readings noted thus far, involve only short-circuited 
filter or by-pass condensers (although it is possible that one or 
more of these condensers may be 'leaky’O- If resistors Eg, Mg 
and Rf are of carbon, as is the case in many modem commercial 
receivers, it may be that Rg, Bg or R 7 has carbonized and low- 
ered in resistance value. The condition of these resistors may bei 
checked by measuring the resistance between the screen-grid 
terminal and chassis (see Fig. 21-13). This measurement will 
give the value of Rg -f- JR?, which should be 10,000 ohms. The 
value of Eg (which should be 6,500 ohms), can be determined 
by subtracting from this Eg + R 7 (10,000 ohms) value, the re- 
sistance value obtained by measuring between the screen grid of 
the second detector tube and chassis (see Fig. 21-12), since this 
latter measurement gives the resistance of resistor E 7 (which 
should be 3,500 ohms) . 

21-9. Analysis of the Second R-F Screen-Grid Circuit.-—^ 
Resistance measurements of the screen-grid circuit are made in 
a manner similar to that employed in the plate circuit. With tfife 
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ohmmeter coimected from screen grid to chassis, a reading of 
10,000 ohms should be obtained, as shown in Fig. 21-14, since 
the speaker field is disconnected. A ^^zero’^-ohm reading will 
be caused by the short-circuiting of either condenser, C iz or Cu* 
Should a reading of approximately 4,600 ohms be obtained, then 
filter condenser C 59 or by-pass condenser Csa is short-circuited, 
placing the screen drop-resistor Its directly in parallel with Me 

■2ND R-F TUBE 

Fig. 21-14. — Equiv- 
alent simplified dia- 
gram of the screen- 
grid circuit of the sec- 
ond r-f tube in the 
a 1 1 - wave receiver 
w^hose circuit diagram 
is shown in Fig. 21-12. 

and JKy. If these condensers were short-circuited, however, the 
fact would already have been ascertained by the analysis of the 
plate circuit. 

21-10. Analysis o£ the Second R-F Suppressor-Grid-Cath- 
ode Circuit. — Because the suppressor grid is tied to the cathode 
and only one resistor and one by-pass condenser is in the cath- 
ode circuit of this receiver, a check of the suppressor grid and 
cathode circuits is comparatively simple.. With the ohmmeter 
coimected from cathode to ground, a reading of 400 ohms, the 
resistance of should be obtained. A zero-ohm reading will 
invariably be caused by a short-circuited by-pass condenser C is. 
(Note: If the tester is equipped with a socket and is able to 
make point-to-point voltage tests, the tube should be inserted in 
the tester socket. A ^^zero^’-ohm reading obtained from cathode 
to chassis could be caused by an internal cathode-heater short- 
circuit in the tube.) 

21-11. Analysis of the Second R-F Control-Grid Circuit. 
— ^The only remaining circuit to be analyzed in this stage is the 
control-grid circuit. The normal resistance which should be in- 
dicated when the point-to-^point test<^ is coimected from control- 
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grid to chassis (or ground) is approximately 1,350,806 ohms. 
In this circuit (see Fig. 21-15) we have 6-ohm secondary wind- 
ing 1 / 7 , Rs (100,000 ohms), R 2 S (1 megohm), the volume control 
Rib (250,000 ohms) , and the second- detector cathode bias-resistor 
Rie (800 ohms) . If a zero-ohm reading should be obtained, it 
would indicate a short-circuited tuning condenser section, Ci^, 
for this stage. This is not likely, however, and may be checked 


2ND R-F TUBE 



Pig. 21-15. — Equiv- 
alent simplified cir- 
cuit diagram of the 
control grid — ^to chas- 
sis path of the second 
r-f stage of the all- 
wave receiver whose 
circuit diagram is 
shown in Pig. 21-12. 


by turning the condenser gang so that the plates are un-meshed. 
It is also possible that a '^zero^' ohm reading may be due to the 
*^high^' side of the secondary coil shorting to the chassis or shield. 
Turning the wave-band switch to band will settle this point. 
A reading of only 6 ohms indicates a short-circuited secondary 
return by-pass condenser C*. The effect of a short-circuit at 
this point on the operation of the receiver will be poor avo action, 
distortion, oscillation and motor-boating. If condenser Ca is 
leaky, it will result in almost the same symptoms, and will be 
disclosed by a reading of between 6 ohms and several hundred 
thousand ohms, depending upon the degree of leakage. If a 
reading of 100,000 ohms is obtained, the by-pass condenser Cn 
may be short-circuited. A reading of approximately 1,160,000 
ohms may result if condenser Cj^b is short-circuited. This fact may 
be checked immediately by inserting the test plug into the socket 
of the second detector stage and measuring the resistance be^ 
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tween either one of the diode plates to chassis. If a reading of 
SOO ohms is obtained, the condenser is short-circuited; if a 
reading of 60,800 ohms is obtained, condenser Cj ^7 is short-cir- 
cuited; and if a reading of 310,000 ohms is obtained, condenser 
Cj^B is short circuited, etc. The analysis of the second r-f stage 
may now be considered complete for our purposes, and attention 
must now be turned to the first-detector — oscillator stage. 

21-12. Analysis of the First- Detector — Oscillator Stage. 
— A resistance measurement between the plate of the combina- 
tion first-detector — oscillator tube and chassis should result in 
a reading of approximately 18,500 ohms, since the speaker field 
is disconnected. (The 7% ohms of coil Lsi coxild not be read on 
the high-range ohmmeter scale.) This circuit contains L^u 
primary of the first i-f transformer, and resistors Rj^y Rb and Rt 
in series. A 7^-ohm reading will indicate short-circuited filter 
condensers Css or Css- Should a reading of approximately 1,300 
ohms be obtained, however, condenser Cse should be checked for 
short-circuit. This low value may be due to the series circuit of 
Rii and Bxoj 1,000 and 400 ohms respectively, in parallel with re- 
sistors Rsy Rs and R^, The resistance of the primary winding 
Lax may be checked by connecting the point-to-point tester from 
the plate of this stage to the plate of the second r-f stage with 
the wave-band switch in the position. A reading of approx- 
imately 11.5 ohms should be obtained. A value of 4 ohms would 
signify that Lai is short-circuited. This may be due to a short- 
circuited trimmer condenser (7^^, or to grounded pig-tails or 
connecting lugs of this winding. 

21-13. Analysis of the First-Detector — Oscillator Screen- 
Grid Circuit. — The screen circuit of the first-detector-oscillator 
tube (third and fifth grids), should have the same resistance to 
chassis as the second r-f stage screen circuit, since these two cir- 
cuits are connected together. Failure to obtain the correct nor- 
mal resistance will be caused by the same conditions discussed 
for the second r-f screen-grid circuit. 

21-14. General Notes on Resistance-Check Receiver An- 
alysis. — ^The above data present the idea and methods involved 
in the analysis of receivers by point-to-point resistance meas- 
xirements. It is not necessary to discuss here the anialysis of the 
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there be resistance between the screen grid and the cath- 

ode of the same tube. Likewise, “zero” resistance will seldom 
exist between the plate and screen grid of the same tube, unless 
that tube is a power amplifier having its screen connected 
directly to the plate. Many power tubes are operated this way, 

A lower resistance will be obtained from tte screen grid of a 
power amplifier tube to ground than from the ^late of the same 
tube to ground, although a higher voltage may be obtained at 
the screen than at the plate. This statement is ajso true of the 
d3nnatron oscillator, in which the screen operates at a higher 
voltage than the plate; therefore, an ohmmeter test will disclose a 
lower resistance between the screen of the tube and chassis than 
from plate to chassis. 

Zero resistance shoxild never be obtained between the plate 
of one tube and the control grid of a subsequent tube in a re- 
ceiver — ^the direct-coupled amplifier is one exception to this 
statement. Zero resistance should never exist from the filament 
to the plates of a filament-type rectifying tube. In like man- 
ner, there should never be zero resistance between the cathode 
(or filament terminals) of a rectifier tube and its plate terminals. 

As mentioned, these statements are general and are true in 
most instances, but exceptions will be found. They are meant to 
serve only as a guide in interpreting the results of a point-to-point 
resistance analysis on receivers for which no schematic circuit 
diagrams are available. 

21-16. K£Fect of Electrolytic Condensers on Resistance 
Measurements. — Many radio receivers employ electrolytic con- 
densers for filter and by-passing purposes. These units possess 
a certain amount of leakage, that is, the insulation-resistance 
between the terminals is not of infinite value. The effect of this 
leakage, which depends upon the condition of the condenser, is 
to cause the condenser to act just as though a continuous high- 
resistance path exists between its terminals. When testing any 
circuits in which an electrolytic condenser is used, make certain 
that the polarity of the ohmmeter corresponds to the polarity of 
the electrolytic condenser, otherwise a very low and misleading 
resistance reading will be obt^ed. = 

Generally, electrolytic condensers are employed as filter con- 
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there be resistance between the screen grid and the cath- 

ode of the same tube. Likewise, ‘^zero’’ resistance will seldom 
exist between the plate and screen grid of the same tube, unless 
that tube is a power amplifier having its screen connected 
directly to the plate. Many power tubes are operated this way, 

A lower resistance will be obtained from the screen grid of a 
power amplifier tube to groimd than from the jjlate of the same 
tube to ground, although a higher voltage may be obtained at 
the screen than at the plate. This statement is also true of the 
dymatron oscillator, in which the screen operates at a higher 
voltage than the plate; therefore, an ohmmeter test will disclose a 
lower resistance between the screen of the tube and chassis than 
from plate to chassis. 

Zero resistance should never be obtained between the plate 
of one tube and the control grid of a subsequent tube in a re- 
ceiver — ^the direct-coupled amplifier is one exception to this 
statement. Zero resistance should never exist from the filament 
to the plates of a filament-type rectifying tube. In like man- 
ner, there should never be zero resistance between the cathode 
(or filament terminals) of a rectifier tube and its plate terminals. 

As mentioned, these statements are general and are true in 
most instances, but exceptions will be foimd. They are meant to 
serve only as a guide in interpreting the results of a point-to-point 
resistance analysis on receivers for which no schematic circuit 
diagrams are available. 

21-16. Effect of Electrolytic Condensers on Resistance 
Measurements. — Many radio receivers employ electrolytic con- 
densers for filter and by-passing purposes. These units possess 
a certain amount of leakage, that is, the insulation-resistance 
between the terminals is not of infinite value. The effect of this 
leakage, which depends upon the condition of the condenser, is 
to cause the condenser to act just as though a continuous high- 
resistance path exists between its terminals. When testing any 
circuits in which an electrolytic condenser is used, make certain 
that the polarity of the ohmmeter corresponds to the polarity of 
the electrolytic condenser, otherwise a very low and misleading 
resistance reading will be obtained. 

Generally, electrolytic condensers are employed as filter con- 
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denserB m the power-supply unit of a receiver, or as by-pass con- 
densers in grid-bias and bleeder circuits. In the first case, the 
negative side of the condenser is connected to the *low” side of 
the filter supply. This may be the chassis, or it may be some 
other point which is negative with respect to the chassis. If the 
electrolytic condfenser is a by-pass unit connected across the 
cathode bias resistor of a tube, the positive terminal of the con- 
denser will be connected to the cathode, since the cathode is in- 
variably positive with respect to J5-minus or the chassis. When 
an electrolytic condenser is used to by-pass a bias resistor con- 
nected from the center-tap of a tubers filament supply to B- 
minus or ground, the positive side will be connected to the fila- 
ment side of the bias resistor, since this point is positive with 
respect to ground. Thus, when making resistance measurements 
with the ground as the reference point, always connect the posf- 
tive side of the ohmmeter to the cathode or filament circuit. 

It is not entirely necessary to remember this, for if an incorrect 
resistance indication is obtained in any circuit using electroly- 
tic condensers, all that need be done is to reverse the ohmmeter 
test leads. If the circuit is really faulty, an incorrect indica- 
tion will again be obtained, which may not be the same as the 
first incorrect reading. 

When the correct polarity of the ohmmeter is maintained in 
making resistance measurements, the presence of an electrolytic 
condenser in shunt with any resistor of ordinary resistance value 
will have a negligible effect on the resistance reading, provided, 
of course, that the condenser is good. It is only when these con- 
densers are connected in parallel with very high resistances that 
a variation of any consequence may be noted. Tests show that 
an 8-mfd. high-voltage electrolytic condenser connected in the 
average filter system, or across the voltage-divider system of a 
radio receiver, changes the effective resistance of the circuit by 
less than 5 % . The effect of a low-voltage, high-capacity elec- 
trolytic condenser when making point-to-point tests is not more 
than one or two per cent, at most. Since most resistors employed 
in modern radio receivers are only kept within a tolerance of 
about 10%, the negligible shunting effect of electrolytic con- 
densers across such resistors may be disregarded during point-to- 
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point resistance measurements when the- polarity of the ohm- 
meter is correct- 

21-17. Using Manufacturers Resistance Data. — ^The point- 
to-point resistance analysis method outlined in this chapter de- 
pends upon the fact that a circuit diagram (or chart) having the 
resistances of all coils and resistors in the receiver marked on it, 
is available. When a measurement is made, the resistance read- 
ing is compared to that specified on the circuit diagram, and any 
deviation is interpreted in terms of * Vhat trouble in the receiver 
might have caused it.'^ The method is analytical in the sense 
that many equivalent circuits must be pictured (mentally) for 
intelligent interpretation of the ohmmeter readings. 
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Fig. 21-16- — ^Voltage-current-resistance analysis data chart for 
a typical automobile radio receiver. f 


Manufacturers realize that resistance analysis is helpful hut 
requires, at times, considerable calculation to determine if the readings 
obtained are correct or not. They have compiled service data sheets 
which are intended to make these calculations unnecessary for point- 
to-point resistance measurement reference. These data sheets not 
only have the resistances of all components marked on them but also 
have in tabulated form the correct ohmmeter readings for every test 
on each socket of the particular receiver. 

Figure 21-16 shows a typical tabulation of voltage-current- 
resistance data furnished by the manufacturer of an automo- 
bile radio receiver, for reference purposes when making point-to- 
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point analyses on it. Chassis to socket-prong resistance meas- 
urements are made and referred to the chart for comparison. 
It is thus not absolutely necessary to have the schematic circuit 
diagram available for reference if the manufacturer’s chart is 
on hand. Of course, when a reading is different from that speci- 
fied by the chart, it is desirable to have the schematic circuit dia- 
gram available to determine the exact component at fault. Charts 
such as that of Fig. 21-16 are available from many manufac- 
turers or from service manuals. Many service men are also in 
the habit of compiling their own data from the routine tests they 
make on receivers for which no charts are available. 

REVIEW QUESTIONS AND PROBLEMS 

1. Two resistors are connected in series. The total resistance is 
476 ohms. One of them has a value of 312 ohms. What is the 
resistance of the other? 

2. Three resistors are connected in parallel. Each has a value of 
10 ohms. What is the total resistance? 

3. The resistance of a parallel circuit is measured and found to be 
700 ohms. The parallel circuit has four resistors of the same 
value. What is the value of each ? 

4. Three resistors of 200, 600 and 1,000 ohmsj respectively, are con- 
nected in parallel. What is the total resistance as read by an 
ohmmeterf Draw the circuit diagram. 

5. A source of e.ni.f. has a 1,000-ohm resistor connected across its 
terminals. Connected to one terminal is a BOO-ohm resistor, the 
other end of which connects to two 1,000-ohm resistors in par- 
allel. The other end of this parallel branch connects to the 
second terminal of the source of e.m.f. What current flows out 
of the battery if the €.m.f. source supplies a potential of 760 
volts? Draw the complete circuit diagram. 

6. In the circuit of Fig. 21-12, what resistance should normally be 
read from the plate of the second r-f stage to ground, with the 
speaker field connected? With it disconnected? 

7. Draw an equivalent circuit showing all by-pass condensers con- 
nected properly, for the networks involved in Question 6. 

3. The oscillator tube in the circuit of Fig. 21-12 refuses to func- 
tion. “What resistance measurements should be made to deter- 
mine which component is fnulty? 

9. The power unit of the circuit of Fig. 21-12 delivers insuf- 
ficient voltage. What resistance measurements would you make 
to locate the trouble, and what should the readings be? 

10. The receiver of Fig. 21-12 is very noisy on the band. The 
slightest touch of the wave-changing switch alters the volume. 
What measurements would you make and what readings should 
you obtain? (Hint: The low-resistance range of the ohmmeter 
should be used.) 

11. What precautions must be exercised when making a resistance- 
analysis of a set using electrolytic condensers? Explain fully I 
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TESTING INDIVIDUAL RADIO COMPONENTS 

22-1. Need for Testing Individual Components. — The 
voltage-current and resistance methods of analysis described in 
Chapters XX and XXI serve to localize trouble to a particular 
circuit or to a particular portion of a circuit. However, the 
jobs of the service man and the set analyzer do not end after 
localization of the trouble. The service man must use other 
functions of the analyzer to locate the exact troublesome 
component; he must determine what is wrong with that com- 
ponent, and, he usually must also try to ascertain the reason for 
the failure, before repairing or replacing the component. 

These determinations necessitate the testing of individual 
components after the voltage-current and resistance analyses 
have been completed. While it is true that in many instances, a 
resistance analysis enables the service man to complete the 
trouble localization directly to the faulty component, such is not 
always the case; and even when such complete localization is pos- 
sible, it is always, without exception, desirable to test that com- 
ponent individually to substantiate previous tests. Let us illus- 
trate this by means of a typical example. 

Suppose a receiver analysis localizes r-f circuit trouble to some 
component in the plate circuit of the r-f tube. Further, suppose 
that this plate circuit consists of several resistors in series with 
the primary of the following r-f transformer. If the plate cir- 
cuit is open, then either the r-f transformer primary or one of 
the plate circuit resistors must be open. By checking the plate 
current and screen voltage; it may be possible to conclude that 
the primary of the r-f transformer is open-circuited. But the 
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point is that we cannot actually be sure of this fact until the coil 
itself is tested alone, after being disconnected from the circuit. 
It may be that a wire to the coil is broken or has never been 
properly soldered to the lug connection to the coil. It may be 
that the lug itself is broken. There may be a ‘Tosin joint’' be- 
tween the wire and the lug on the coil. No method of circuit 
analysis can point to the actual location of the open circuit in 
the component itself in every case. 

The procedure, then, is to remove the set from the chassis and 
disconnect the wires from the coil under consideration. The 
coil must then be tested individually, regardless of how it is 
connected in the circuit; for it is only after such an individual 
test that the service man can be sure of the nature of the failure. 
And when the nature of the failure has been ascertained, the 
cause should be determined and rectified if possible. 

All the components employed in radio receivers can be re- 
duced to three fundamental types: resistances, inductances, and 
capacitances. All radio circuits contain all of these parts, though 
they are sometimes found in somewhat disguised forms. It is 
the purpose of this chapter to describe in detail the general 
characteristics of, and the methods of testing, resistors, induc- 
tors and capacitors used in radio receivers. In Chapter XXVI 
the methods of repairing these components (T<^hen repair is ad- 
visable) will be explained in detail. 

22-2. Required Tests of Components. — After the analysis 
of a circuit is completed and one or possibly more components 
are definitely suspected of causing the trouble, the chassis 
must be removed from the cabinet and each of the suspected 
components tested in turn. For a complete test of a component, 
there should be facilities for determining the following: 

1- Open-circuits. 

2. Short-circuits. 

3. Partial short-circuits. 

4. Grounds. 

6. High-resistance grounds. 

Any one or more of these five possible defects may exist in 
a resistor, condenser, or coil, and the condition may be either 
permanent or intermittent. Moreover, it may be necessary to 
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•conduct tests when the suspected unit or units are hot and also 
when they are cold^ for often the abnormal condition exists only 
when the unit is hot. Further details on this point will be de- 
ferred until the actual tests are described. 

22-3. Instruments Used for Testing Components. — ^The 
instruments required for testing individual components should 
be part of the regular service man’s equipment, and should con- 
sist, in general, of the following: 

1. Ohmmeter. 3. Capacity tester, 

2. Capacity met^. 

All of these instruments have been described in previous 
chapters of this book, and the reader is referred to them for 
complete details of their theory of operation and manner of 
use. In this chapter it will be assumed that the reader is thor- 
oughly familiar with them. The ohmmeter and capacity tester 
are integral parts of most set analyzers nowadays. 

We will first discuss the necessary tests using the proper in- 
struments, and then discuss the same or similar tests using sim- 
plified equipment in the event that the proper instruments are 
not available at the time the tests are to be made, or are tem- 
porarily out of order. It is important in this respect to note 
that the limitations of any test depend to a large extent upon 
the nature and accuracy of the instruments used, and that thor- 
oughly reliable results cannot be obtained unless the test in- 
struments themselves are in good working order and are suit- 
able for the test to be made. This important point will become 
more and more evident as we proceed. 

The tests will be divided into three general groups; those for 
testing resistors, those for testing coils, and those for testing 
condensers. Under each group the possible troubles will be dis- 
cussed and the proper method of testing described. 

22-4. Construction of Resistors. — ^Resistors find extensive 
and extremely important applications in radio receivers. One 
glance at the underside of radio receiver chassis will convince 
anyone of this fact. They are employed as current limiters, for 
obtaining bias voltages, fer '^bleeding” currents, for securing de- 
sired potentials, for volfage-dropping, for volume control, etc. 
They are made in rf sistance values which cover a very 
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wide range from a few ohms to several million ohms. 

There are two main types of resistors used in radio circuits: 
\ fixed and variable, the latter being commonly known as rheo- 
stats or potentiometers, depending upon their mode of connec- 
tion. Fixed resistors may be of wire-wound, of either carbon or 
metal-coated film, or carbon-composition moulded construction. 
Variable resistors of low resistance values are usually wire wound, 
and those of high values usually consist of some high-resistance 
material to which a movable contact arm makes contact either 
directly or indirectly. 

Wire-wound resistors are employed in fixed-resistance types 
when a fair degree of precision is required or when the power 
dissipated is more than about 1 or 2 watts. In variable-resist- 
ance form, they offer numerous important constructional ad- 
vantages over other types. Wire-wound resistors of the fixed- 
resistance type are made by winding predetermined lengths of 
resistance wire on suitable porcelain or other ceramic insulating 
forms. IJsually in the large sizes, the entire assembly, with the ex- 
ception of the extreme ends of the tab terminals or pig-tails (see 
(A) and (B) of Fig. 22-1) is coated with a vitreous enamel or re- 
fractory cement which serves to protect the fine wire from mech- 
anical injury, and keeps out moisture. The resistors of lower 
wattage rating are wound with enamel-covered or oxidized re- 
sistance wire. These resistors are usually wound with wire of 
nickel-chromium alloys (such as ^^nichrome'O > hut nickel-iron 
and nickel-copper alloys are also used. Since the values of wire- 
wound resistors can be controlled accurately during production, 
they consequently are suitable when accurate resistance values 
are required. 

In some applications, where inexpensive wire- wound resistors 
which are not required to dissipate much power are required, the 
bare resistance wire is wound on flat fibre strips, and terminal 
connections are made by fastening terminal lugs to the strip 
and resistance wire with eyelets. A unit of this kind, provided 
with a center-tap, is illustrated at (C) of Fig, 22-1. Such units 
will be found employed as filament ceijter-tap resistors and fila- 
meat current-reducing resistors in maf jy of the older receivfers* 
Most variable wire- wound resistors also.- have the resistance wire 
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wound on a flat strip of fibre bent into a circular shape. 

The second class of fixed resistors, the carbon- or metal- 
coated type, are made by depositing a thin film of carbon or 
timgsten on a thin glass or porcelain rod which is in turn sealed 
in another enclosing glass or ceramic tube for protection. Metal 
caps forced on the ends of the outer glass tube make contact with 
the resistance material. A unit of this type is illustrated at (D) 
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Fig. 22-1. — A few of the typical forms of fixed resistors employed 
in radio equipment. 

(A) A vitreous-enamel covered wire-wound resistor having pig- 
tail-lead terminals. 

(jB) The same type of resistor with metal-tab terminals. Sev- 
eral taps are provided on this resistor. 

(C) A center-tapped wire-wound resistor. The resistance wire 
is wound on a fibre strip and metal clamp terminals connect to it. 
The wire is left exposed. 

(i>) A metal-coated film type of high resistance. This resistor 
has a very small current-carrying capacity, 

{E) Solid moulded-carbon resistor with wire pigtail terminalSi 
This makes a non-inductive resistor of medium resistance value and 
current-carrying capacity. 

of Fig. 22-1. Such resistors are made in high resistance values 
(from about 10,000 ohms to 10 megohms) and cannot carry 
much current without overheating, and resultant damage to the 
resistance coating. Their use is restricted principally to appli- 
cations where a high resistance is desired in very compact form, 
and where very little current is to be carried. 

The third class of fixed resistors, the moulded-carbon stick 
or composition type, are used most extensively in radio receive 
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today because of their low cost. They consist of a nScixture of a 
very small percentage of conducting material (carbon or graph- 
ite) and a binder of insulating material (in the proper proportion 
to produce resistors of the desired resistance value) moulded 
into shape under pressure. Clay, rubber, and various chemical 
plastics are used for the binder. A more recent form consists 
of carbon and another material which itself is a material of 
higher resistance (not an insulating material). This is mixed in 
the proper proportions to make the desired resistance value, is 
then subjected to intense temperature and pressure, and is finally 
extruded at yellow heat into the form of rods. 

Electrical connection is usually made to the resistance rod by 
means of metal end-caps forced-fitted to it, or by pigtail leads 
wound around (and soldered to) the ends. Uniform, positive 
area of contact is often obtained by first coating the ends of the 
rod with a metallic coating. A typical moulded carbon resistor- 
is illustrated at (E) of Tig. 22-1. 

Moulded carbon or graphite resistors are subject to change in 
resistance value due to moisture absorption, deterioration of the 
binder due to operation at elevated temperature, etc., when in 
use. Due to their changing nature, they are seldom manufactured 
in large quantities with actual values that are close to their rated) 
value. The difference between the actual and rated values, ex- 
pressed in per cent, is called the tolerance, and is a direct indica- 
tion of the deviation of the actual values from the rated values. 
These resistors are usually manufactured with a tolerance of 
plus or minus 10%. The subject of tolerance in resistor values 
will be considered in detail in Art. 22-12. 

22-5. Open- Circuited Resistors. — ^Resistors may open-cir- 
cuit, that is, it is possible for the resistance between the resistor 
terminals to become infinite, for various reasons. In moulded) 
carbon resistors, the metal caps or pigtail leads may come loose 
(or break) and make poor contact with the resistance element,, 
or the resistance element itself may change in chemical 
composition or disappear altogether because of excessive heat. 
Not all fixed carbon resistors are composed of a solid rod of 
carbon. In some instances there is only a thin deposit of car- 
bon on a glass or ceramic form, and it is perfectly possible for 
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excessive heat to deteriorate this thin carbon deposit to such an 
extent that the resistance becomes open-circnited. The same 
thing is true of metallized resistors — excessive heat may vapor- 
ize the metallic resistance deposit to such an extent that the 
unit open-circuits. 

A wire-wound resistor, on the other hand, may become open- 
circuited because of a break developing in the resistance wire, 
an imperfect contact may develop between the resistance wire 
and one of the end terminals, or it may burn out (the ^ ^burning 
out’^ of a resistor is really the melting of the resistance material 
at some point, thereby breaking the continuity) . Imperfect con- 
tacts at the terminals are common, for pressure contacts are em- 
ployed by many manufacturers. 

Variable resistors are subject to the same troubles as the 
fixed imits, in addition to special ones such as dirty arm con- 
tact, insufficient arm pressure, etc., which develop as a result 
of the mechanical systems involved. For this reason, the follow- 
ing discussion of resistors will pertain to fixed resistors in par- 
ticular, and it is to be understood that the same defects can 
occur in variable units. 

22-6. Power Rating of Resistors. — ^The power rating of a 
resistor in watts depends mainly on the area of the resistance 
element exposed to ventilation, the heat radiating qualities of 
the surface of the resistance element, the heat conducting prop- 
erties of the insulating form on which the resistance wire is 
wound, and the temperature difference between the resistor and 
its surrotmdings. When a resistor has a certain power rating, 
it means that that electrical power (in watts) can be dissipated 
in it by being converted into heat. This heat is subsequently radi- 
ated and conducted from the resistor when it is in open space 
at room temperature. If that same resistor were placed 
in a refrigerator which is held at a low temperature, then 
that self-same resistor could be made to dissipate much more 
electrical power and heat than its rating indicates, without any- 
thing happening to it. In other words, the power rating of a 
resistor is the amount of electrical power (in watts) that it can 
d^sipate in the form of heat without producing more than a cer- 
tain specified temperature rise, when it is located in surroundings 
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of a certain specified temperature. If there were some external, 
artificial means present to cool the resistor (a refrigerator, a 
fan, etc-) , then it could Handle more power and radiate much more 
heat without reaching a high temperature. At a certain high 
temperature, a chemical change takes place in the resistor ele- 
ment, and it usually burns out as a result. If the temperature at 
which this would occur is always much higher than the normal 
operating temperature of the resistor, then it can operate at the 
normal value (without deterioration) for relatively long periods 
of time. 

The importance of this point must not be underestimated. The 
final temperature which a resistor assumes depends not only upon 
the heat generated in it, but, also, upon the temperature of the sur- 
roundings. A certain resistor may be generating about 0.1 watt of 
heat, and it may be tucked 'in some corner of a radio set chassis 
which is at a temperature much higher than that of the resistor 
alone. The result is that heat enters the resistor from the sur- 
roundings instead of the resistor radiating heat to the sur- 
roimdings. When equilibrium is established, the temperature of 
the resistor is much higher than normal and is probably equal 
to that of the surroundings. And if this temperature is high 
enough, the resistor may burn out, even though the current 
through it is well within the^value recommended by the manu- 
facturer. This condition is very apt to occur in those extremely 
compact midget receivers in which sufficient ventilation is not 
provided. It is interesting to note here that the standard RMA 
definition of the maximum wattage rating of wire-wound resis- 
tors of the vitreous enamel type is : 

'The input in watts required to produce a temperature 
rise of 250 degrees Centigrade (482 degrees Fahrenheit) 
at the hottest point of the resistor, when the resistor 
is surrounded by at least one foot of free air, the sur- 
rounding air being at a temperature not exceeding 40 
degrees Cent. (104 degrees Fah.).'^ 

This is the basis upon which manufacturers of wire-wound re^ 
sistors for radio work rate their resistors. Any radio service man 
knows that when these resistors are moimted in the usual posi- 
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tions inside of radio sets, where ventilation is extremely re- 
stricted, and where heat from adjacent parts such as power 
transformers, other resistors, tubes, etc., makes the surroimding 
temperature much higher than 40" C., the condition existing is 
very far from the 40" C. open-air condition for which the 
power rating of the resistor is really specified. Because of these 
conditions, wire-wound resistors should be operated at no more 
than a fraction (usually %) of their nominal power rating when 
mounted inside of a radio receiver chassis. 

Since the resistance of moulded-carbon type resistors de- 
pends so inuch upon the temperature and applied voltage, they 
may change their resistance so much because of these two fac- 
tors that their resistance value may be incorrect for the purpose 
intended. Therefore, greater diflSlculties are encountered when 
attempting to rate resistors of this type. In fact, no standard 
rating has yet been worked out, but in practice, as a maximiun, 
one square inch of radiating surface of these resistors is con- 
sidered capable of dissipating safely the heat generated by one 
watt of electrical energy. 

When selecting resistors for replacement purposes, great care 
should be taken to obtain units which are large enough for the ap- 
plications for which they are to be used, and also to get high-qual- 
ity imits which will stand not only the heat generated but also the 
alternate heating and cooling to which the unit may be subjected 
in service. This will obviate future difficulties. The diSerence 
in cost between satisfactory resistors and inferior (or insuffi- 
ciently large) ones is usually so small that it does not pay to rim 
the risk of repeated trouble by using the latter. 

22-7. Short-Circuited Resistors. — A resistor rarely short- 
circuits within itself. Short-circuits practically never occur in 
solid and metallized types of resistors, although they may occur 
in the wire- wound type. Short-circuits may occur between turns 
of wire or between layers of multi-layer resistance windings, and 
thereby decrease the value of the resistance between the main 
terminals. It is possible, though, for any type of resistor to have 
its terminals short-circuited by some other piece of metal, such as 
the chassis; but this condition does not constitute a short-circuit 
within the resistor itself. Moreover, in this case the resistor 
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will test normal when removed from the circuit in which it is 
connected. 

The possibility of a resistor becoming partially short-circuited 
internally is even less than its becoming completely short-cir- 
cuited. When a resistor becomes partially short-circuited, one 
part of the resistance element must touch some other part, and 
this can occur only in wire- wound units. 

22-8. Grounded Resistors. — Vibration may cause a resistor 
to become grotmded to some other component or circuit through 
physical contact, resulting in the altering of its position. How- 
ever as a general rule a resistor does not groimd within itself. 
There is an exception to this, though, in the case of resistors 
which are insulated and encased in a metal shield, as shown in 
Fig. 22-3. Since the unit is mounted upon the chassis, break- 
down of this insulation at some point may cause the unit to 
ground. Also, in some cases, the heat may cause the form, on 
which a wire- wound resistor is wound, to warp so that the wire 
touches some part of the chassis. 

22-9. Noisy Resistors. — ^Noisy resistors are one of the 
most frequent causes of noisy reception. A resistor is said to 
be ^‘noisy^’ when it changes in value from instant to instant. 
If the rate of change is fast enough, the varying current caused 
by the varying resistance generates a varying voltage in the r-f 
or a-f circuits which is amplified and reproduced in the usual man- 
ner as continuous ^‘scratchy*' noise. If the rate of change is slow 
the noise may appear simply. as a series of intermittent clicks. 

A fixed resistor may become noisy if it is operated with much 
more current flowing through it than it is designed to carry, or 
when its operating temperature is higher than it would be if 
normal, rated current flowed through it in surroundings of nor- 
mal temperature. However, fixed wire-wound resistors are not 
usually noisy. Moulded-carbon resistors are the most frequent 
offenders in this respect. When they are raised to a high tem- 
perature during operation, the particles of the carbon in the 
mass become so hot that tiny arcs occur between them. Further- 
more, the carbon particles fuse together, and their resistivity con- 
sequently changes. The net current flowing through the unit will 
then have minute variations, which may be called the 
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current. The only manner in which this noise current may be 
reduced, is by reducing the operating temperature of the resist- 
ance element either by reducing the temperature of the surround- 
ing air or decreasing the current through it. Of course, substitu- 
ting a resistor of the same resistance value but adequate power- 
rating is the more practical remedy. 

Variable resistors are especially apt to become noisy. Poor 
contact between the arm and ihe resistance element, poor tension 
in the spring that keeps the arm on the resistance element, wear- 
ing away of the element due to pressure of the arm, bumpy 
«pots in the element, oxidation of the surface of the element and 
t;he wiping sirrface of the arm, and oxidation of the contact sur- 
face between the rotating arm and the terminal, all result in 
moisy reception. The only manner in which these units can be 
repaired is by taking them apart and cleaning the oxidized ele- 
ments whenever it is practice to do so. For details concerning 
iihe repair of components used in radio receivers, the reader is 
referred to Chapter XXVI. 

22-10. Temperature Coefficient of Hesistance. — ^It is gen- 
•erally well known that temperature has an effect on resistance. 
In instances when the resistor is of the wire-wound type, the re- 
rsistance will increase with an increase in temperature, and, when 
tihe imit is of the composition type, such as carbon or graphite, 
tihe resistance will decrease with an increase in temperature. 
(The change in resistance per ohm per degree C change in tem- 
perature is called the temperature coefficient of resistance.) 
:Since many of the resistors in radio receivers are connected in 
•circuits in which appreciable current is flowing, a certain amount 
•of heat is generated in them. This heat will change their re- 
sistance. Therefore, the imit will possess “cold'^ and ^^hot^^ re- 
•sistance values, which may differ considerably. 

For most resistance measurements, it is necessary to make a 
^^cold'^ resistance test, in order to obtain uniform indications; 
that is, the resistor must be permitted to cool before making the 
test. On the other hand, there are some instances when a “hot” 
resistance test is valuable. This is true in the case of carbon re- 
sistors employed as part of the voltage-dividing systems of radio 
receivers. Excessive current passing thr ough such units will mater- 
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ially change their value, often affecting the normal operation of 
the receiver. This condition may not be disclosed if the test is 
made after the resistor has been given an opportunity to cool. 
(See Resistance Data for Common Elements and Alloys, in the 
author’s Radio Trouble-Shooter^ s Handbook for further technical 
details concerning the effect of temperature on the electrical 
resistance of common elements and alloys.) 

22-11. Voltage Coefficient of Resistance. — Closely allied 
with temperature coefficient is voltage coefficient. This is de- 
fined as the difference between the resistance value obtained 
when the measurement is made with a high voltage, and that 
obtained when a low voltage is used. In other words, a resistor 
may have one resistance value when measured with a high volt- 
age applied across it for the measurement, and quite 
another value when measured by this same method when 
the applied test voltage is small. The reason for the change in 
resistance with changes in applied voltage is the same as for 
changes in temperature, for the increased applied voltage causes 
an increased current to flow through the resistor, and increased 
current generates increased heat, which increases the operating 
temperature and changes the resistance. 

Both voltage and temperature coefficients really mean the 
same thing, but resistance manufacturers use the term voltage 
coefficient because its interpretation is in terms of more prac- 
tical units. The measurement of temperature coefficient of re- 
sistance requires rather an elaborate laboratory set-up, which 
is not required for voltage coefficient measurements. Of course, 
composition carbon type resistors are the worst offenders in this 
respect. Increases in applied voltages to circuits in which they 
are connected cause their resistance to decrease. This drop, 
in poor resistors, may be as high as 26 per cent of the total re- 
sistance — enough to cause serious electrical imbalance of the 
circuits they are connected in. Wire-wound resistors are af- 
fected very much less by this condition. Their resistance tends 
to increase slightly with increase in applied voltage. 

22-12. Tolerance of Resistors.^ — -When checking the resists 
ance values of resistors, or when purchasing new ones, the man- 
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ufacturing tolerances shonld be considered. The average toler- 
ance of resistors employed in radio receivers is usually about 
plus or minus 10 per cent. As an example of just what this 
means, if such a resistor is marked 1,000 ohms, its actual re- 
sistance may be anywhere between 900 and 1,100 ohms. This 
tolerance will vary in different cases, the function of the unit in 
the circuit being the determining factor. If the resistor carries 
current, thereby producing a voltage drop, the average tolerance 
is from 5 to 10 per cent. Wire-wound resistors are commonly 
held to tolerances of plus or minus 5 % . In the case of high re- 
sistances, such as are used for grid leaks in resistance-coupled 
amplifiers and in avc circuits, a tolerance as high as 20 per 
cent is permitted, since these units carry very little, if any, cur- 
rent, and their resistance value is not critical. Closer tolerances 
are employed, and should be expected, when measuring the value 
of resistors employed in filament circuits. Usually the tolerance 
here is approximately 5 per cent, 

22-13. Testing Resistors for Open-Circuits with the Ohm- 
meter. — ^Testing a resistor is usually synonomous with meas- 
uring its value, and the ohmmeter is without doubt the most 
convenient and most accurate device at the disposal of the ser- 
vice man for making this test. Readers who wish to refresh 
their knowledge of ohmmeters should review Chapters III to V. 

If a resistor is suspected of being open-circuited, it should first 
be disconnected from the circuit in which it is connected, and 
then tested. If it is not disconnected, there is a possibility of 
some other unit connected to it acting as a shxmt path, causing a 
false resistance reading to be obtained on the ohmmeter. For 
example, a leaky condenser may be in parallel with the resistor 
under test, as shown at (A) of Fig. 3-16 (Chapter III). If the 
ohmmeter is placed across the terminals of the resistor, and if 
the resistor itself is open-circuited, the ohmmeter will read the 
resistance of the leakage path in the condenser. On the other 
hand, if the resistor is normal, the ohmmeter wdll read the com- 
bined leakage and resistor resistances. To avoid any such 
discrepancies, one end of the unit under test should always be 
disconnected from all other eompoixonts in the circuit, as shown 
at iB) of Fig. 3^16 (in Chapt^ HI) 
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Set the ohmmeter range so that the normal value of the re- 
sistor is read on a convenient part of the scale, and place the 
test prods across the terminals of the resistor (observii^ the pre- 
cautions illustrated in Fig. 3-16). If it is open-circuited, the 
ohmmeter will read infinite ohms. It must be recalled that 
*ero ohms on an ohmmeter may be indicated by either full- 
scale or zero deflection, depending upon the type of ohmmeter. 
It will be remembered from our study of ohmmeters in Chapter 
III that zero deflection of the pointer is zero ohms on shunt- 
type ohmmeters, and full-scale deflection is zero ohms on series 
type ohmmeters. Throughout this chapter the diagrams will 
illustrate the readings of series type ohmmeters; the text will 
refer to the reading of the ohmmeter in ohms, not in deflection 
of the pointer, unless otherwise stated. 

If the ohmmeter indicates a very high value of resistance, it 
may not mean that the resistor is closed, since a shunt path 
that is not apparent may exist. For example, if the Angers 
touch the metal parts of the test prods while making a reading, a 
very appreciable error will result (see Fig. 3-16), especially if 
the fingers are moist and the high-resistance ranges of the in- 
strument are employed. The table or bench on which the re- 
sistor is rested should be a fair insulator, and should not be 
painted with paint having an excessive amount of lamp black, 
(which contains carbon), otherwise the ohmmeter will indicate 
the resistance of the paint in parallel with that of the resistor. 

In connection with the ohmmeter test, the important thing to 
realize is that the ohmmeter will read the actual value of re- 
sistance between the test-prod terminals, not only open- and 
closed-circuits. 

22-14. Emergency Open-Circuit Tests for Resistors. — 
Although the ohmmeter is undoubtedly the most convenient de- 
vice for continuity testing, there are times when it is not avail- 
able or it has been damaged accidentally. In such oases, the 
service man should know other emergency methods for perform- 
ing the simple fundamental tests already outlined — even if only 
temporarily. 

Perhaps the best known and most widely used emergency 
continuity testing device when no electrical measuring instru^ 
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ments are available, is that of a battery and pair of earphones 
connected as shown at {A) of Fig. 22-2. Two adaptations of 
this method '^hich are also very handy are the combination of 
an incandescent lamp bulb in series with the light line circuit, as 
shown at (B) , and a 4%-volt O battery and flashlight bulb, pic- 
tured at (C). 

When the test arrangement of (A) is used and the test prods 
are connected across the resistor, a click will be heard in the 
phones; likewise when the test prods are removed. Obviously, 



Fig. 22-2. — ^Three simple continuity testers 'which may be used 
when an ohmmeter is not available. 

(A) Tester consisting of a R battery and a pair of earphones. 

(B) Tester consisting of a 110-volt incandescent lamp and 
voltage supply. A neon bulb used here instead of the incandescent 
lamp is more reliable, as it xeqriires much less current to operate it. 

(C) Tester employing a small 4^ -volt C battery, or flashlight 
batteries, and a 5-volt flashlight bulb. 

this test depends upon the change in current occasioned by the 
opening and closing of the circuit actuating the phones. It is 
also clear that this test only indicates whether or not the circuit 
is open or closed, and does not give any quantitative indication 
of the value of the resistance. 

The systems shown in (B) and (C) are suitable only when 
the resistance under test is of the same order of magnitude as 
the resistance of the lamps. If the value of the resistor under 
test is very small compared to the resistance of the lamp, then 
the lamp will light brightly — ^under these conditions, the resistor 
is definitely shown to have a closed (continuous) circuit. On 
the other hand, if the value of the resistor is very high com- 
pared to the resistance of the lamp, then, even if the resistor cir- 
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cuit is continuous, the current flowing through the lamp will be 
so small that it will be insufficient to light it at all. Consequent- 
ly, when this is the case the lamp test is not a reliable indicator 
of whether the circuit of the resistor under test is continuous or ; 
open. 1 

It is not always desirable to increase the battery voltage 
used in the test circuit in order to try to light the lamp, since the 
current flowing through the resistor may be made so high that 
it will burn out; hence, this type of test has definite limitations. > 
It is suitable for determining open-circuits only when the resist- ? 
ance under test is not greater than about five tirnes the resist- j; 
ance of the lamp. The system at (^), however, is suitable ’ 
for testing resistances hundreds of times greater than the d-c ! 
resistance of the windings of the phones, since a good pair of ear- I 
phones will “click^' on very minute currents. ! 

The system shown at (B) can be improved considerably so ! 
that it will give a reliable continuity indication, if a small 110- 
volt 2-watt neon lamp (an ordinary neon “nite-lite” will do) is 
used instead of the incandescent lamp. On d-c circuits, one elec- 
trode will glow if the circuit is continuous; on a-c circuits, both, 
electrodes will glow. Neon lamps require such small currents to 
make them glow, that they give satisfactory continuity indica- 
tions even if the circuit contains a high resistance. For this 
same reason, when the circuit of any resistor is tested for con- 
tinuity with a neon tube tester, first make sure that the resistor 
is not shunted by any condenser, no matter how small, for the 
condenser itself will cause the neon tube to light, especially If 
the condenser is leaky (see Arts. 22-27 and 22-30). 

A voltmeter alone (see Art. 3-7) , or a voltmeter and milliam- 
meter (see Art. 3-4), may also be used for emergency checking 
of the continuity of resistors, if they are available. Of course, 
a suitable source of voltage must also be at hand if these instru- 
ments are used. 

22-15. Testing Resistors for Short-Circuits. — The 
method of testing resistors for short-circuits is similar to the 
open-circuit test described in the preceding section. The term- 
inals of the ohnimeter are placed across the terminals of the 
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resistor tinder test and the reading noted. If the ohmineter reads 
zero ohms {jvlUscale on a series ohmmeter, or zero on a shunt 
instrument), then the resistance is short-circuited. 

One precaution must be taken in this test: the ohmmeter 
must be capable of reading low values of resistance — ^values con- 
siderably lower than the rated value of the resistor. Thus, if 
the rated value of a resistor is 100,000 ohms, and the ohmmeter 
reads about zero on the 0-2,000-ohm scale, the resistor is definite- 
ly short-circuited. On the other hand, if the rated value of the 
resistor is but 5 ohms and the ohmmeter reads about zero ohms, 
the accuracy of the ohmmeter at very low resistance values on 
this range should be considered before definitely judging the resis- 
tor to be either perfect or faulty. It would be more satisfactory 
to use a lower range, say 0-10 ohms to measure this resistance. 

Emergency test circuits using earphones, a lamp and a bat- 
tery, or a voltmeter and milliammeter, are valuable for testing 
for short-circuits. If no click is heard in the phones when the 
test prods are connected across the terminals of the resistor, it 
is open-circuited; if a click is heard, and the intensity of the 
click is less than that heard with the test prods touched directly 
together, the resistor is not short-circuited, although it is difS.- 
cult to tell if it is partially short-circuited. However, partially 
short-circuited resistors are so rare that if the click is less in- 
tense than that heard with the test prods touched together, the 
resistor may be assumed to be good. 

The earphone test has one serious limitation: it is necessary 
that the resistance of the unit to be tested be appreciable com- 
pared to the d-c resistance of the windings if a click of lowered 
intensity is to be heard. In other words, if the resistor has a value 
that is small compared to the resistance of the windings of the 
phones (2,000 ohms or more) , the intensity of the click may be 
just as loud as when the test prods are touched directly to- 
gether imder these conditions, one cannot tell the difference 
between a short-circuited resistor and a normal one. 

The incandescent lamp test in Fig. 22-2 can be used for short- 
cimuit tests only when the resistor to be tested has a value that 
is Appreciable compared to the resistance of the lamp. If it is 
small compared to the lamp r^istanoe, the lamp will appear 
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fully lit, and the short-circuited condition, if it exists, cannot be 
identified with certainty. 

22-16. Testing Resistors for Partial Short-Circuits. — 
Although partially short-circuited resistors are rare, tests may 
be made for this condition. The ohnameter is the most reliable 
instrument that can be used; the emergency tests described in 
Arts. 22-14 and 22-15 (with the exception of the milliammeter- 
voltmeters test) are entirely unreliable for this test. The limi- 
tations imposed by the emergency tests have been discussed in 
the two preceding sections, and the reader is referred to them 
for a discussion as to why partially short-circuited resistors can- 
not usually be distinguished from short-circuited resistors by 
means of these tests with any degree of success. 

22-17. Testing Resistors for Grounds. — The metal caps at 
the ends of the resistor, or the lead wires at the terminals of a 
resistor may touch the metal chassis of the receiver and so be- 
come grounded. This condition can usually be ascertained by 
visual inspection of the resistor while it is in the receiver. There 
are certain other resistors which may become grounded within* 



Pig. 22-3. — How a metal-clad re- 
sistor should be tested for possiblf 
grounds between the resistor el^^ 
ment and the metal shield. 
test is made between the shMl 
mounting lug and on^ terminal of 
the resistor. 


themselves. These units are usually encased in a metal shield 
which is grounded to the chassis. Any short-circuit between thie 
resistance element and the shield will, of course, ground the rer 
sistor. 

This condition may be determined by removing the unit from 
the chassis and testing between shield and each terpaHyiil, in 
turn, with an ohmmeter. A continuity indication on the ohm^ 
meter indicates a grounded resistor. If it reads ''zero ohms'^ 
when the test prods are connected between the shield and 
one terminal, then that terminal or the resistance wire near that 
terminal is touching the shield; if the ohmmeter reads some 



OH. XXII TESTING INDIVIDUAL RADIO COMPONENTS 669 


definite resistance, then the resistance element is touching the 
shield somewhere along its length. The ohmmeter connections 
and reading for this condition should be as shown in Fig. 22-3. 
An “infinite resistance” reading (open-circuit) indicates that 
no ground exists between the resistance element and the metal 
shield. 

For emergency purposes, either the earphone, lamp test, or 
voltmeter test may be used for determining whether a ground 

Pig. 22-4. — ^A calibrated 
‘‘resistor indicator” which 
may be used for determin- 
ing resistance values, and 
for miscellaneous other 
uses. 

Oourt0My JvUerwUiondl Retistance Oo. 

exists in a resistor, as described in Art. 22-15 for short-circuits and 
in Art. 22-16 for partial short circuits. These sections should 
be read carefully, so that the limitations of tests made with these 
emergency set-ups will be tmderstood clearly. 

22-18. Resistor Indicator. — A rather novel little device 
which finds many uses in the daily work of the radio service 
man is illustrated in Fig. 22-4. Essentially, it consists of a 
wire- wound resistor. A slider moving over the resistance element 
enables any part of the total resistance to be selected. In other 
words, it is a large potentiometer — and it is calibrated directly 
in ohms by the manufacturer. The “ohms” scale may he seen in 
the illustration, along the top of the enclosing case. Two ranges 
of resistance are available, 100 to 10,000 ohms and 10,000 to 
100,000 ohms. The resistance element is protected from acci- 
dental overloads and consequent burn-outs by a small fuse which 
may be seen moimted at the right end. 

Although this “resistor indicator” has many useful applica- 
tions %here a calibrated adjustable resistor is necessary, there is 
one that is particularly important. The service man is called 
upon to service many receivers in which the resistors are not 
color coded at all, or are color coded according to some individ- 
ual manufacturer's system instead of to the standard-RMA 
code (see RMA Color Codes in the author's Radio Trouble- 
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Shooter^s Handbook ) . Furthermore, a circuit diagram of such, a 
receiver, with all resistor values marked on it, may not be avail- 
able. If a resistor in such a receiver becomes open, or shorted, 
etc., the service man has no simple way of finding out what size 
replacement resistor should be substituted for the faulty one, for 
he is unable to measure its correct resistance. The correct value 
of replacement resistor can be determined quickly, however, by 
disconnecting the faulty resistor from the circuit and inserting 
this '^resistor indicator'"' in its place. The receiver is then turned 
on, and the value of the resistor indicator is varied until the volt- 
age drop across the indicator is the same as that which should 
exist across a good resistor of proper value normally connected 
in the circuit. From the position of the arm, the value of re- 
sistance that should be used may be read directly. If a replace- 
ment resistor of the correct value is not at hand, this resistor 
indicator may even be used to permit temporary use of the re- 
ceiver until the proper resistor can be obtained. 

22-19. Common Troubles in Air-Core Coils. — ^Two main 
types of coils are used in radio receivers: those woimd on iron 
cores (such as the windings of power and audio transformers, 
filter and audio chokes, dynamic speaker fields, iron-core i-f trans- 
formers, etc.), and those coils which have an air core (such as 
r-f and most i-f coils, and r-f chokes). It is possible for the 
windings of any of these xmits to become open-circuited, short- 1 
circuited, partially shorted, or grounded. 

Any of the continuity-testing devices already described may 
be used to test coils, as the fault (if any) is most often caused 
by either short-circuited or open-circuited windings. However, 
in the case of partial shorts, it is necessary to use a good ohm- 
meter or other test instrument capable of measuring resistance 
values accurately to at least % ohm. 

The reader may wonder how it is possible to tell whether » 
coil is partially shorted unless the full, normal resistance is 
known. In most receivers there is usually another coil which is 
similar to the one suspected, and the d-o resistance of one ofl 
these may be compared with the resistance of the suspected one. 
For example, a receiver may have two to four r-f stages, necejs^ 
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sitating, in most cases, the use of from three to five r-f coils. In 
superheterodynes, there are usually one to three i-f stages, neces- 
sitating the use of from two to foiu* i-f transformers. Gener- 
ally, these coils are wound alike and therefore have equivalent 
characteristics, so their d-c resistance values are comparable. 

A partial short-circuit is most often encoxmtered in coils which 
have more than one layer of turns. The partial short-circuit 
occurs when one or more turns of one layer short-circuit to one 



> SHORT- C IRCUITED 
TURKS IN OUTER 
LAYER 
<A) 



COIL LEAD 
SNAP RED AT 
LUG 


cay 


Pig. 22-6. — ^A few common troubles 
which may occur in air-core coils and 
transformers. 



or more turns of an adjoining layer due to breakdown of the in- 
sulation between them. In the case of a dynamic speaker voice 
coil, the constant, rapid movement of the cone often loosens the 
coil winding. If the loosened wire rubs against the pole pieces, 
the enamel or cotton insulation on the top layer of wire will be 
worn away. This results in the short-circuiting of almost the 
entire layer, as shown at (A) of Fig. 22-5. 

The short-circuiting of a single layer is usually of major con- 
sequence in dynamic speaker voice coils, since the entire winding 
consists only of two, three, or possibly four, layers. The short- 
circuiting of a single layer is usually of little consequence in a 
multi-layer coil winding (such as one winding of an a-f trans- 
former) , since the one layer is only a small part of the entire 
coil. This is also partly true of r-f and some i-f transformers, 
for when the coils are tuned the partial short-circuit may usually 
he compensated for, by an adjustment of the tuning condenser, 
unless, of course, the tuning condenser associated with the par- 
tially shorted coil is part of a ^‘gang’’ unit. In this case, ^*in- 
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dividual’’ compensation is secured by adjusting the trimmers. 
Any of several conditions may cause open-circuits in air-core 
coils. In r-f coils and chokes, an open-circuit is most frequently 
caused by a break in a connecting lead directly at the term- 
inal lug, as shown at (B) of Fig. 22-5. Since the coils are wound 
tightly and are of thin wire, vibration or contraction of the wire 
due to temperature changes may snap one of the leads. 

The most common cause for an open-circuited i-f coil wind- 
ing can be traced to the pigtail connections used. Here, the fine 
wire comprising the winding is usually brought out to the lug 
terminal by means of flexible lengths of insulated stranded wire 
(pigtails) . The break usually occurs at the point of connection, 
as shown at (C), due to a poorly soldered or corroded joint or 
excessive trimmer condenser vibration caused by the speaker. 

Grounding of the terminals of an air-core coil or transformer 
is also possible when the coil or transformer is enclosed in a 
shield. In this instance, however, the ground is generally due 
to one or more of the terminal lugs or leads shifting its position 
because of vibration, as shown at (A) of Fig. 22-6, resulting in 
a short-circuit to the metal shield which is usually at ground 



LUQ GROUNDING 
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Fig, 22-6. — Two possible ways in which the terminals of a coll 
or transformer may ground to the metal shield which encloses it. At 
(A) the coil has metal terminal lugs; at (B) the coil has flexible- 
lead terminals. 


potential. In other oases, the defect may be caused by a sharp 
edge on the shield piercing the insulation of one of the connecting 
wires to the coil where the wire passes through the shield, as 
shown at (R). The presence of such a grounded circuit will us- 
ually result in an inoperative receiver, unless the grounded cir- 
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cuit was also previously at ground potential or slightly above it. 

Short-circuits in the coils of radio receivers are not infre- 
quent. This trouble in the case of air-core coils is usually due 

l-F TRANSFORMER 

ritl MARY LEAD SHORTING TO 
SECONDARY LEAD 

P 


PRIMARY OR SECONDARY COIL 
LUGS SHORT-CIRCUITING' 

<A^ 

Pig. 22-7. — How short-circuits may occur between the terminals 
of the same winding, or between separate windings, of* air-core coils. 

to two or more terminal lugs or leads short-circuiting to one 
another as shown at (A) of Fig. 22-7, or to a lead of one coil 
winding short-circuiting to another lead from the same coil, 
or to one from another coil, as shown at (J5). This latter 
trouble is found most often in i-f transformers. If it is the prim- 
ary winding of the coil that is short-circuited to itself, it is possible 
that the receiver will operate weakly, or not at all, but a short-cir- 
cuited secondary winding will generally result in an inoperative 
receiver. Should a lead from the primary winding short-circuit 
to one from the secondary winding, as pictured at (B), the re- 
ceiver will be inoperative; and if the secondary return is above 
ground potential, an abnormally high “positive’’ voltage (the 
plate voltage of the preceding tube) will be applied to the grid 
of the tube. 

Leakage between coil terminals (caused by absorption of 
moisture by the coil form) necessitates the baking out and 
subsequent moisture-proofing of the entire coil. 

22-20. Common Troubles in Iron-Gore Coils and Trans- 
formers.^ — Coils having iron cores are Subiect to the same gen- 
eral troubles as are air-core coils: they can open-circuit, short- 
eircuit, become partially shoii-circtiited, and grounded. 
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The troubles occxurring in filter chokes and dynamic speaker 
field coils may be considered together, since they are quite simi- 
lar. The most common troubles in these units are open-circuits 
and grounds. When a ground occurs, it is usually possible to 
locate the point where the winding is touching the core by in- 
specting the unit closely — removing the coil from the core if 
necessary. Additional insulation should be introduced at this 
point. If this is not possible or to do this is impractical, a new f 
choke or field coil should be used. 

In the case of open-circuits, the location of the open point 
should first be determined by test and inspection. If the open- 
circuit is due to a broken coil lead, or a faulty terminal joint, the 
remedy is apparent. If the break lies inside the coil winding, it is 
usually best to replace the unit. If the coil has actually burned 
out (as evidenced by a charred condition of the winding) the 
entire receiver circuit should be checked carefully for a 
^'grounded" or ^^shorted'^ positive potential circuit, for a trouble 
of this kind causes excessive current to flow through the filter 
choke windings, causing excessive heating, progressive deterior- 
ation of the insulation on the windings, and eventual layer-to- 
layer shorts with consequent breakdown. Naturally, any such 
trouble must be remedied before a new choke or speaker fieldj j 
winding is installed, for otherwise the new unit will shortly mee€| 
with the same fate as the previous one. 

In the case of filter chokes, loose laminations often cause ex^f 
cessive hum. This may be remedied by tightening the screws la| 
the core-clamping frame or by first loosening these screws, in^ ■ 
serting thin fibre wedges between the loose laminations, and- 
then tightening the screws. It is well to place lock washers xmder 
the nuts of these screws to prevent them from being loosened by 
vibration. It is often necessary to drive (very carefully so asj; 
not to damage the windings) small wooden wedges between th^;' 
coil and the core in order to prevent a winding which is looa^ 
from vibrating on the core. In extreme cases of hum due tcife 
vibration, it may be necessary to enclose the complete unit in a 
metal can and fill up the entire space around the unit with hot 
pitch or some other impregnating compound. 

Audio transformers (including input, intermediate and out- 
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put types) are usually wound with thin enamel-covered wire (No. 
40 or smaller) . Heavier flexible pigtail leads are soldered to this 
small wire at the ends of the windings, and connect them to the 
transformer terminals. The use of this thin wire and these sol- 
dered joints makes these units subject to the following trouble: 
(o) mechanical fracture of the wire due to expansion and con- 
traction caused by excessive temperature changes; (b) chemical 
corrosion due to unsuitable enamel coating on the wires, acid 
soldering flux, human acid from the hands of workers, chem- 
icals exuded from the transformer bobbin or the interleaving 
paper, acid in the impregnating compound; ; (c) btimed-out prim- 
ary due to the flow of excessive plate current because of some 
other trouble in the receiver; (d) breakdown of internal insula- 
tion due to surge voltages. Let us now analyze these troubles 
in detail. 

When the temperature of the wire of a coil is raised by the 
flow of current through it (and possibly by heat from other com- 
ponents near it) the coil expands. If the wire is woimd tightly 
and the expansion is too great, the wire will experience increased 
tension and it will snap. In reality, it is the combination of the 
expansion and another contributing factor which causes it to go. 
When the tension on a wire increases, it becomes thinner; and 
when the diameter of a wire decreases, the safe current-carrying 
capacity decreases. The result is therefore cumulative, so that 
a poorly ventilated coil may bum out when carrying much less 
than rated current because of the cumulative action of the high- 
temperature, expansion, and decreased current-carrying cap- 
acity. 

The troubles due to chemical corrosion in the windings are 
of course entirely at the control of the manufacturers. Improved 
manufacturing methods have reduced these troubles in the more 
recent receivers, but they are still common in the older sets. 
Corrpded internal joints are prevalent especially where receivers 
are located along sea coasts or other places of high humidity. In 
many cases, intermittent contact occurs at the joints before flnal 
failure results, making the receiver extremely noisy. Of course, the 
transformer should be replaced if any of these troubles occur. 

In the case of a bumed-out primary winding in an audio 
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transformer, a thorough check should be made of the circuits 
of the tube preceding the transformer before a new one is in- 
stalled, for .some trouble in these circuits may result in the flow 
of excessive current through the primary winding of the a-f trans- 
former, leading to its eventual burn-out. Among such possi- 
bilities may be mentioned, shorting of the plate to some other 
element in the tube preceding the transformer, grounding of the 
^‘plate.end’^ of the plate circuit, shorting of the grid-bias resistor 
by-pass condenser, an open circuit in the control-grid circuit, etc. 
All of these troubles will result in excessive current flow through 
the primary winding of the a-f transformer which follows, and 
possibly cause it to burn out eventually. 

Breakdown of the internal insulation in an a-f transformer 
can occur in several ways. An a-f transformer coil with many 
turns of fine wire usually has a high resistance, and, when the 
current through the coil is comparatively high, a high difference 
of potential exists between the terminals of the coil, between 
layers, and between layers and the core (which is usually 
gromaded) . This means that if the insulation between layers of 
a coil is poor at one spot, the potential difference between that 
point and a corresponding point on an adjacent layer may be- 
come high enough to cause a spark or arc to jump between 
layers. This raises the temperature of the points between which i 
the sparking or arcing takes place, and the intensity of the ' 
spark or arc increases. This, in turn, raises the temperature | 
still further, until eventually the temperature becomes so high f 
that the thin wire burns out. 

The insulating paper used between layers must be perfectly; 
dry throughout, and the insulation on the wire must be uniform f 
throughout. One weak spot is usually sufficient to cause th©;^ 
cumulative action just described to take place. ! 

Sudden surges of current may also cause a-f transformer aiod 1 
other iron-cored coils to burn out. When the current flowing 
through a coil varies in any way, a voltage is generated in that 
coil (by self-induction) ; and, if the current changes are rapid, 
the voltage generated becomes high. Thus, if a tube which has 
the primary of an audio transformer connected in its plate cir- 
cuit is pulled out and pushed into its socket frequently, the sudden 
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interruptions of the plate current may generate an excessively 
high voltage in the primary winding and so cause a break- 
down of the insulation between layers. The primary, of course, 
then open-circuits. This is especially important in the case of 
power tubes which draw rather large plate currents. They should 
never be removed from their sockets unless the receiver is turned 
off. 

The breaking down of the insulation between the winding 

Fig. 22-8. — How breakdown may 
occur between the inner winding 
and the core of an a-f transformer. 
The fine wire usually burns away 
at the point of breakdown, result- 
ing in an open-circuit in the wind- 
ing. 

and the core of an audio transformer is illustrated in Fig. 22-8, 
but it should be remembered that the breakdown may occur 
through several layers to the core, not necessarily between the 
core and the layer adjacent to it. 

Parts of a-f transformer windings may short-circuit together. 


Pig. 22-9. — ^How the H-voltage 
sends an excessive current through 
part of the primary and secondary 
coils of an a-f transformer whose 
primary has grounded to the sec- 
ondary. 

The short-cijcuit is almost invariably caused by excessive cur- 
rent or operating temperature, for the reasons discussed in the 
preceding few paragraphs. 

Short-circuits between the primary and secondary of audio 
transformers are rarely detected by tests, inasmuch as such short- 
circuits usually place the B voltage across part of the primary 
and secondaiy in series, as shown in Fig. 22-9. This high voltage 
is usually great enough to send sufficient current through the 
wires to burn them out at the point of contact before the actual 
primary-secondary short-circuit is detected. 
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Power transformers are subjeft to three main troubles: open, 
shorted, and grounded windings.i* These transformers usually 
contain a primary winding which may or may not have taps, a 
high-voltage secondary winding with a center tap, and a number 
of low-voltage filament windings. Due to the multiplicity of 
windings these transformers should be tested preferably when 
entirely disconnected from the receiver — if this is feasable. The 
primary winding often grounds to the core or the static shield* 
(if one is used). The usual power transformer is constructed 
with the primary wound directly over the core, the static shield 
(if one is employed) surrounds the primary winding, the 
high-voltage secondary is wound over the static shield, and 
the low-voltage filament windings are wound over the high-volt- 
age winding. The various windings are insulated from each 
other and from the core and static shield. However, some fault 
may develop, and cause a “ground^' between the primary and 
either the core or static shield, between the high-voltage secon- 
dary and the static shield, or the filament winding next to it, etc. 

One point to remember here is that in some power trans- 
formers the center-tap of the high-voltage winding is connected 
to the core or the static shield, so that the midpoint of this 
winding is always at ground potential. Naturally, in this case, 
an ohmmeter test between each end (or the center-tap) of this 
winding and the static shield (or core) will reveal a closed cir- 
cuit. In such cases it is best to make a check by measuring 
the a-c voltage existing across each half of the winding when the 
transformer is loaded normally. If normal voltage readings are 
obtained across both halves, it indicates that the center tap is 
purposely grounded to the core or to the static shield. 

22-21. Testing Coils and Transformers for Open-Circuits. 
— ^Any continuity-testing instrument or arrangement may be 
used for testing coils for open-circuits (see Art. 22-14) regard- 


'•N'ote: See pagres 1100 and 1101 and FIgr. 80-22. 

tisrote: A disturbing: hum caused by excessive vibration of tho 1am- 
inatiozis of power transformers may be eliminated by tbe same remedies 
explained for Alter choices (Art. 22-20). 

When a power transformer has failed, the Alter condensers should be 
checked. Wet electrolytic condensers will often test O.K. when cold, but 
when voltaf e is applied, the defective one will heat up and place an ab- 
normal load on the transformeir. Obseiwe a set carefully for the Arat 16 
minutes after Installing a new power transformer, to see whether or not 
the filter condensers are heating:- This precaution will prevent a possible 
second transformer failure. 
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less of whether the coil is of the air- or iron-core type, provided 
that the instrument is such that it would indicate properly if the 
coil were not open. For instance, either of the incandescent lamp 
arrangements of {B) or {€) of Fig. 22-2 would not be satisfac- 
tory for testing the windings of audio transformers for open- 
circuits, for, even if the windings were in perfect condition, the 
lamp would not light because the resistance of the windings is 
so high that the current flowing through the circuit would not 




Fig. 22-10. — How an ohnuneter is used to test coil windings for 
continuity. 

(A) The ohnuneter is here shown connected to the two term- 
inals of one winding of an r-f transformer to test its continuity. 

(By Here the ohmmeter is connected to the two terminals of 
a winding on a power or audio transformer to test its continuity. 

be sufficient to light up the lamp. If a neon tube is used instead 
of an incandescent lamp, this trouble does not occur, since the 
neon tube will light up and indicate continuity even though only 
a small current flows through it. A voltmeter can also be used 
satisfactorily for this test. However, the ohmmeter is imdoubted- 
ly the best instrument for this test for the service man. The pro- 
cedure is simply to disconnect both ends of the; transformer coil 
from the receiver circuit, and connect the test prods of the ohm- 
meter to these coil terminals. If Ihe ohmmeter reads infinite 
resistance, the coil is (ypen-ckamted ; if the ohmmeter reads some 
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other value, then that value must be compared to the normal 
resistance which that winding should have. Figure 22-10 shows 
how the test prods of the ohmmeter should be applied to the 
lug terminals of one coil of an r-f or a-f transformer to check the 
continuity of the winding. 

An emergency check of the continuity by means of a pair 
of earphones and a battery (see (A) of Fig. 22-2), requires 
special consideration when it is applied to iron-cored coils. If 
the winding of such a coil happens to be broken near its center, 
there may be considerable capacity between the two parts of the 
winding, and the earphones will reproduce a click every time 
the circuit is made and broken, as the capacity between the two 
sections charges and discharges. For this reason, the earphone 
emergency test is not to be relied upon for making open-circuit 
tests of large coils. On the other hand, it is thoroughly reliable 
for r-f or i-f transformers because the coils are relatively small 
and the capacity existing in the circuit is negligible. 

22-22. Testing Coils and Transformers for Complete and 
Partial Short-Circuits. — ^The test for complete short-circuits 
involves disconnection of the coil or transformer from the re- 
ceiver circuit and the application of the ohmmeter test prods to 
the terminals of the winding to be tested. If the ohmmeter 
reads zero resistance, then the coil is short-circuited; if it reads 
some other value, then the reading must be compared to the 
normal resistance value of the winding. The procedure here, it 
is seen, is the same as that for testing resistors for complete 
short circuits, and the reader is referred to Art. 22-15 for fur- 
ther details. 

If the coil is not completely short-circuited, then the ohm- 
meter will indicate some dehnite coil resistance. It is essen- 
tial that this resistance be compared with the known resistanbe 
of the winding measured. Receiver service notes which have 
been published recently (within the past several years) hav# 
marked on them the resistance of every Ending of every coil in 
the receiver (see Fig, 21-12) . Such a diagram must be on hand 
if the service man is to determine whether or not the ohmmeter 
reading is correct for the coil under test. 

If the reading is normal, then the coil may be assumed to be 
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normal; if the ohmmeter reading is lower than normal, then the 
coil is partially short-circuited, and should be investigated fur- 
ther; if the reading is much higher than normal, theii there is a 
poor connection somewhere in the coil circuit. An examination 
of the terminal lugs and the wires connected to the lugs should 
then be made. 

It should be noted here that the low-voltage filament wind- 
ings of power transformers contain comparatively few turns of 
wire of fairly large cross-section, so their resistance is very low 
compared to the resistance of the primary winding or the high- 
voltage secondary. 

R-f coils are wound, at the present time, to within an accur- 
acy of a fraction of 1 per cent, so that the ohmmeter reading 
in ohms should check very closely with the rated resistance of 
the coil if the ohmmeter calibration is correct. The resistance 
of the windings of audio transformers, filter chokes and power 
transformers, on the other hand, may vary within 10 and some- 
times 20%, so that a maximum deviation of 20% from the 
rated value should be expected in low-cost products. If the 
measured resistance deviates from the rated value by more than 
20%, then the coil should be examined carefully for defects. 

A check may be made in instances where there is more than 
one choke or transformer of a given type in the receiver. For 
example, there may be two r-f coil secondaries and primaries 
alike, two or three i-f transformers alike, and two filter chokes 
alike. The resistance of one may be compared to the other (or 
others) and again compared to that of the coil under suspicion. 

A very important point concerning audio transformer wind- 
ings should be mentioned here. Even the readings of an ohm- 
meter cannot be relied upon when making tests for partial short- 
circuits in these units. This is true because these windings con- 
tain thousands of turns of wire, so that as many as 10 to 25 or 
more turns can short together without noticeably chan^ng the 
resistance of the winding, i.e,, the change would really be less 
than is allowable for manufacturing tolerance. The best pro- 
cedure to follow where a partial short is suspected in an a-f 
transformer winding is to substitute a similar new transfonner 
for it and then to coiqpare the results obtained with it. 
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The emergency tests described in Art. 22-14: cannot be relied 
upon for the determination of partial short-circuits; they are 
only suitable for determining whether or not a circuit is com- 
pletely open or closed, and then the measurements are limited, 
as already explained. 

22-23. Testing Coils and Transformers for Grounds.^ — 
The test for grounds is similar to the tests for open- and short- 
circuits described previously. The only change in the procedure 
is that one test prod must be placed on the shield or case of the 
coil or transformer, and the other test prod on one terminal of 
the winding under suspicion; it is wise to test from ground to 
the other terminal as well. 

If the ohmmeter reads zero ohms when the test is made, 
then the winding is grounded to the core; if the ohmmeter in- 
dicates infinite resistance, then the winding is not grounded to 
the core; if it reads some definite value between zero and in- 
finity, then the winding is grounded to the core somewhere be- 
tween the terminals of the coil, or there is a high-resistance leak- 
age path between the winding and the core. In connection with 
the testing of power transformer windings to the core or the static 
shield the reader should refer to the last portion of Art, 22-20. 

The emergency tests described in Art. 22-14 may be used 
for the determination of grounded windings, but they are subject 
to the same limitations as explained in Arts. 22-14 and 22-16. 

In all of these tests it must be remembered that it is because 
of the resistance of the windings that the tests are possible. In 
this connection the coil or circuit between coil and ground, or 
the leakage circuit between one winding and another may bs 
considered as a simple resistance, with the ohmmeter, eajrphonefi 
or lamp indicating either visually or aurally the resistance of the 
path. To fully appreciate the limitations of the tests disctisfled 
in this chapter and the precautions to be observed when makini 
them, the reader should understand thoroughly the material Iil, 
Chapters II and III, that describes in detail the various methods 
of measuring resistance. 

22-24. Miscellaneous Coil and Transformer Troubles. — 
Aside from open-circuits, short-circuits and grounds, coils are 
subject to other troubles. The forms on which r-f coils 
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are wound may absorb moisture, causing leakage and de- 
creased inductance, even though the d-c resistance of the coil 
remains about the same.* The turns of wire may slip along the 
form, causing a change in inductance while the d-c resistance 
remains the same. Short-wave tuning coils are composed of 
relatively few turns, as low as three in some cases, and these 
turns are spaced a distance of two or three wire diameters. A 
slight change in the location of one (or part of) one turn may 
change the inductance appreciably. 

The short-wave tuning coils in an all-wave receiver cannot 
be checked for partial short-circuits because their d-c resistance 
is so low that few, if any, ohmmeters generally used by service 
men can check their resistance with any degree of accuracy^ It 
is necessary, therefore, to make a careful visual examination for 
possible partial short-circuits in such coils, rather than rely upon 
an ohmmeter or similar test. 

Iron-core coils are often enclosed in metal containers with the 
space between the coil (or transformer) and the container filled 
with some tar-like substance for protection. It is important 
that this compoimd be free of moisture if the coil is to be free 
from grounds and short-circuits. This means that if the com- 
pound is removed for any reason, it should be kept in a dry 
place until it is returned to the unit. 

22-25. Types of Condensers in Radio Receivers. — ^There 
are two main types of filter and by-pass condensers generally 
employed in radio receivers; the solid dielectric paper or mica 
type and the electrolytic type. Both types are subject to the 
same failures; they may become open-circuited, short-circuited 
or leaky. In general, any method which will indicate an open- 
circuit or a short-circuit may be used in testing either type con- 
denser if the proper precautions are observed, but, because of 
the differences in dielectric, the same test for leakage cannot be 
employed. 

In Chapter VI the different instruments which may be em- 
ployed for testing and measuring the capacities and leakage of 
condensers were discussed in detail. In this section of the 

♦Note: The coil form must be dried out by baking, and then mois- 
ture-proofed. 
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present ctiapter some practical aspects of the various tests 
which can be made with these instruments will be discussed. 

Before the capacity of a condenser is measured by any device, 
it is advisable to test it to determine if it is leaky , short-circuited, 
or open-circuited. A leaky condenser is equivalent to a perfect 
one having a resistance shunted across it, a short-circuited con- 
denser is equivalent to a condenser of infinite capacity as far as 
a-c currents are concerned, and is valueless as far as blocking d-c 
currents is concerned, and an open-circuited condenser is equiv- 
alent to having no condenser in the circuit at all. Before dis- 
cussing the details of condenser testing, we will discuss the com- 
mon troubles in condensers. 


22-26. Common Troubles in Solid-Dielectric Condensers. 
— Solid dielectric condensers may be either normal, open-cir- 
cuited, short-circuited, or grounded to the case which encloses 



Pio. 22-11. — Various ways in which open-circuits may occur in 
mter and by-pass condensers of three different types of construction. 

them. When such a condenser . is open-circuited, it is usually 
cau£^ by one or both of the leads from the condenser plates 
not touching, or being insecurely connected to, the terminal lug, 
as shown in Fig. 22-11 at (A). 

Bleat applied to a terminal lug may melt the solder holding 
the lead to the condenser, as at (A) , and thus cause open- 
circiiit. For this, reason, never keep a soldering iron on a con- 
dciiB^ terminal for too long a time. Have the soldering iron 
hot to make it posable to make the joint quickly. 
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Some condensers have their connecting leads riveted or sol- 
diered to lug terminals which loosen or\jorrode in time, thereby 
resulting in an open-circuit, as illustrated at (A). In many 
•condensers poor contact is caused by the connecting tabs which 
•depend solely upon pressure for their contact. Some have metal 
tabs inserted into the condensers, as shown at (B) , while others, 
usually (those of the tubular non-inductive type) have metal caps 
pressed against the tin-foil ends of the condensers, as shown at 
((7) . The vibration and temperature normally encountered in 
a radio receiver may shift the metal contacts or cause the im- 
pregnating compound or wax from the paper dielectric to be 
forced between the metal contacts and the condenser plates, thus 
producing an open-circuit. 

When a condenser short-circuits, it is because the dielectric 
breaks down or the plates or electrodes actually make contact 
with one another. A sudden surge of current or the application 
of an excessive voltage beyond that for which the condenser is 
rated, may puncture the dielectric at some point, causing the 
plates to short-circuit. 

High temperature may also cause the dielectric of a condenser 
to puncture. For every material used as a dielectric there is a 
certain temperature at which the dielectric breaks down and be- 
comes conductive. When the dielectric becomes conductive, the 
condenser becomes leaky or short-circuited, depending upon the 
conductance of the dielectric. * Breakdown may be caused by the 
application of excessive voltage to the plates. Every insulating 
material has o, 'puncture voltage, a voltage at which the material 
breaks down and conducts ; this puncture voltage is not constant, 
but depends to an appreciable extent upon the temperature, be- 
coming less as the temperature increases. 

Suppose, for example, a paper dielectric condenser is rated 
at 200 volts, and 400 volts is applied. At the temperature of 
the dielectric, it may puncture i.e., a hole may be burned through 
it and a small spark may jump between the plates. This spark 
raises the temperature of the dielectric at the point of puncture, 
with the result that the puncture, voltage becomes less, so that 
the 400 volts, which is still applied, causes a hotter spark to 
jump through the dielectric, which raises the local temperature 
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still further. This action is cumulative, and continues until the 
condenser is fully short-circuited. 

The insulating properties of solid dielectrics depend upon the 
nature of the substance and the care with which it is treated. 
Mica is perhaps the best insulator for all-around condenser 
work, while suitably paraffined paper is next best, at appreciably 
lower cost. The paper in paper dielectric condensers must be 
free of aU moisture if the condenser is to withstand rated voltage 
for a long time, as the presence of moisture or air alters the type 
of dielectric in use. A bit of moisture may break down before 
the paper dielectric does; this raises the temperature at that 
point, causing the main dielectric to puncture. 

Air-dielectric condensers are self-healing, for once the air 
has ionized and broken down, its insulating properties may be 
restored by merely allowing the plates to cool off. 

22-27. Testing Solid-Dielectric Condensers. — Solid dielec- 
tric condensers should be checked by means of condenser testers 
of the types described in Chapter VI, if they are available. If 
such instruments are not at hand, an ohmmeter may be used, 
but ohmmeter tests on condensers are not always reliable, es- 
pecially when testing condensers of small capacity, or those hav- 
ing high-resistance leakage. 

A condenser may be defined technically as a device that is 
capable of storing energy in the form of an electrostatic field; 
more popularly, a condenser may be defined as a device that can 
hold an electric charge. This means that, when a d-c voltage 
is appli^ to a condenser, the condenser charges, and, when the 
voltage is removed, the charge remains in the condenser if the 
leakage is zero. If a charged condenser be short-circuited, its 
voltage win send a '"discharge current"' through the external cir- 
cuit until the potential of both sets of plates reaches a common 
leveL 


fundamental property of a condenser may be used to 
It for o^^ircuit, short-circuit or leakage by means of an 
ctoune^. If the terminals of an ohmmeter are placed across 
tW of an ^arged condenser (which is disconnected from 
^ ree^ver ^cmts), a changing current will flow into the con- 
d^i^ from the battery in the ohmmeter. This charging cur- 
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rent (or a part of it) will flow tlirougli the coil of the meter used 
in the ohmmeter, and, if the charging current is large enough, 
the meter pointer will deflect xmtil the condenser is fully 
charged, at which time the voltage across the condenser will 
equal that of the battery in the ohmmeter and the charging 
current will become zero. At this time, the meter pointer will 
return to its initial position. 

If the ohmmeter pointer kicks over the scale and then down 
to zero again when the test prods are connected across the ter- 
minals of a condenser, the condenser is good, and will maintain 
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Pig. 22-12. — Sketches showing the four- possible pointer indica- 
tions of an ohmmeter when it is used for testing a condenser having 
a capacity larger than about 0.05 mfd. 


its charge for an appreciable period of time; if the meter pointer 
kicks over and remains somewhere on the scale, even though the 
reading of the ohmmeter is less than the full reading of the 
initial kick, the condenser is leaky, and the reading is the leak- 
age resistance of the condenser; if the pointer does not kick at 
all, and the charging current is large enough, then the condenser 
is open-circuited (see Fig. 22-12). 

The value of the charging current that will make the pointer 
of the average ohmmeter ^^kick^’ appreciably depends upon the 
voltage of the ohmmeter battery, the resistance of the ohmmeter 
to some extent, the mechanical inertia of the meter pointer and 
the size of the condenser. Under ordinary conditions, though, 
the condenser must have a value of at least 0.Q5 mfd. in order 
to be tested by this method. Assuming that the condenser is of 
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this size or larger, the indications on a series type ohmmeter for a* 
good, short-circuited, open-circuited, and leaky condenser are* 
shown in the series of sketches of Fig. 22-12. 

The ohmmeter may be used to make an interesting test on. 
large solid-dielectric condensers. When the terminals of the ohm- 
meter are applied to the conden- 
ser terminals in the usual manner,, 
the pointer of the ohmmeter will 
kick and return to its initial posi- 
tion if the condenser is good.. 
Now, if the ohmmeter test prod& 
are again applied to the conden- 
ser, the ohmmeter pointer will! 
not kick because the condenser- 
is fully charged; but, if the testf* 
prods are reversed and applied to^ 
the charged condenser terminals^,, 
the pointer of the ohmmeter will 
kick twice as far as it did on the- 
initial test. This double kick is caused by the fact that the volt- 
age across Ihe condenser and that across the ohmmeter battery' 
are BOW coimected in series, and the total voltage causing cur- 
rent to flow through the ohmmeter is twice as great as before.. 

22-28. Emergency Tests on Solid Dielectric Condensers.. 
— The earphone test may be used to test solid-dielectric conden- 
sers for open-circuits and short-circuits, although it is not a very 
good test for leakage. A pair of phones and a battery of 4.5 volts- 
or more are connected in series with each other, and across the- 
tennmals of the condenser to be tested, as shown in Fig. 22-13. 

The ftrst time the condenser terminals are touched, a click, 
should foe heard in the phones if the condenser is not open— 
drenited; if it is open-circuited, then no click, or a very weak: 
one, will be heard. If the cond^ser is either normal, or open— 
eneiilted, no dick wiE be heard if the wires are touched to the* 
termmals a few tlniies after this. If the condenser is* 
ihOTtHt^r^iited, a loud click will foe heard evevy time, e8pecially“ 
Ka having a vdtage of 45 volts or over is employed. In» 



Fig. 22-13. — ^Earphone test 
which may be used to test a 
condenser for open-circuits or 
short-circuits when no better 
method is available. 



CH. XXII TESTING INDIVIDUAL RADIO COMPONENTS 589 


this test, the clicks are due to the charge and discharge currents 
flowing in and out of the condenser under test. 

22-29. A Limitation of the Ohmmeter and Earphone Tests 
for Condensers. — ^It was mentioned in Art. 22-26 that the ap- 
plied voltage determines whether or not a condenser will punc- 
ture. A corollary of this statement is that a condenser should 
be tested at rated voltage to determine its breakdown possibil- 
ities. When the 4.5 volts or so from an ohmmeter or earphone 
test is applied to a punctured condenser, it may test normal; 
but, when rated voltage is applied, the condenser may puncture. 
The ohmmeter test, therefore, must be considered as valid only for 
the voltage of the ohmmeter battery, not for any higher voltage. 

When the size of the condenser is about 0.1 mfd. or greater, 
and rated voltage is available, then a conclusive test of the con- 
denser may be made. One or more .B-batteries or a B power 
imit may be connected to the condenser to be tested, as shown in 
Fig. 22-14 (A) and (.B). The voltage should be applied for a 
few moments and then removed. The terminals of the conden- 
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Fig. 22-14. — ^Testing a large solid-dielectric condenser by means 
of the charge and discharge method. If the condenser is normal, a 
spark will be produced on discharge. 


ser should then be short-circuited with some handy metallic ob- 
ject, such as a screw driver wii^ an insulated handle^ as shown 
at (C), and the intensity of the spark noted. A good condenser 
will produce a fat spark when being short-rcircuited; a poor con- 
denser will produce no spark at all. 

The length of time between charge and discharge is a meas- 
ure of the leakage in the condenser. The longer the time be- 
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tween charge and discharge, the more time there is available 
for the leakage resistance to absorb the energy in the condenser. 
A condenser with high leakage (low leakage resistance) will not 
he able to hold its charge more than a few moments, while a 
cond^Qser with good dielectric will be able to hold the charge 
for 10 minutes and up, depending upon the leakage resistance. 

A condenser with a very good dielectric may not discharge en- 
tirely after the first short-circuit. It may be necessary to short- 
circuit a condenser two or three times before all the energy 
stored up has been dissipated in the form of heat in the dis- 
charge. 

22-30. Testing Solid-Dielectric Condensers With a Neon 
Lamp. — ^It is possible to determine if a solid-dielectric condenser 
is normal, short-circuited, or leaky by connecting it in series 
with a 2-watt neon lamp and a 110- volt d-c power source, as 
shown in Fig. 22-15 (or two 45-volt B batteries connected in 
series). Condenser testing with a neon lamp was discussed at 
length in Art. 6-4, but the simple tester of Fig. 22-15 is effective. 
The condenser to be tested should first be entirely disconnected 
tom its circuit, for if any resistance or other condenser shunts 
it, the neon tube will glow even if the condenser under test hap- 
pens to he open-circuited. If the condenser is not open- circuited, 
there should be an instantaneous flash in the neon tube at the 



Fig. 22-16. — ^A simple method 
for testing solid-dielectric con- 
densers for open-circuits, short- 
circuits, or leakage, by means of 
a neon lamp and a 110-volt a-c 
or d-c voltage source. 


instant the wires of the test circuit are touched to the tenmnals 
of tire condenser. For condensers of low capacity, this flash will 
be fairly feeble and riiort. No flash indicates an open condenser. 

Wm COTidensers having paper or mica dielectric, there should 
be BO ]^ow m Ihe neon lamp after the initial flash. If the neon 
tate glows steadily or flutters, it indicates that the condenser is 
leaky and should be replaced. The value of the neon lamp test 
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lies in its simplicity and sensitivity. A small 2-watt neon lamp 
of the type sold as “night lites^' will glow visibly when a current 
as small as a fraction of a milliampere flows through it. If it is 
connected to a d-c circuit, only one of its electrodes glows; when 
connected to an a-c circuit, both electrodes glow. Hence it also 
serves as a handy tester to find out whether the current supply 
in a house is d-c or a-c. 

22-31. Checking the Capacity of Solid-Dielectric Conden- 
sers. — Chapter VI explained the theory of capacity testers in 
detail. It will be recalled that the method consisted of appl 3 ring 


Fig. 22-16. — ^A simple circuit 
arrangement for checking the cap- 
acity of condensers having a mica 
or paper dielectric. 
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a known voltage of known frequency to the condenser to be 
tested and measuring the amoimt of current flow by means of an 
a-c current-indicating device, as shown in Fig. 22-16. 

The current as read by this meter depends upon the value 
of the applied voltage and the reactance of the condenser at the 
frequency of the applied voltage. Usually, the resistance of the 
meter is small compared to the reactance of the condenser and 
may be neglected in the computation. 

The meter current also depends on the amount of leakage cur- 
rent which flows through the condenser. The leakage path is re- 
presented by the dotted resistance in Fig. 22-16. This means that 
the capacity tester will indicate the’ correct capacity only if the 
leakage current is small compared to the displacement current 
through the condenser. The meter readings may then be cali- 
brated in temis of mfds. as explained in Arts. 6-6 to 6-8. 

It should be noted that if the condenser is short-circuited, the 
meter will, in all probability, bum out, so that it is essential 
that the condenser be tested for short-circuit and leakage before 
connecting it to the capacity tester. 

22^32; Testing Solid-Dielecteic Cotidensers far Ghrounds- 
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—Many of the fixed condensers employed in radio receivers 
are enclosed in metal containers which are usually mounted on the 
chassis. In the event that one of the condenser plates or con- 
necting leads short-circuits to the can internally, a ^^grounded’’ 
condenser results. In order to check for this condition with an 
ohrometer, the ohmmeter should be connected from either one of 
the condenser terminals to the can, as shown at (A) of Fig. 22-17. 


ONMMtTER 


CONDENSER SHOWING 
PATH OF GND. Cl RCUIT 
EITHER IN CONNECTING 
LEADS 

on 

PLATES. 
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CONDENSER SHOWI NG ' ONE' 
SIDE OF UNIT CONNECTED TO 
CANINTE^ALLY t. OTHER gIM 
GROUNDED TO 
CA*^. 



Fig. 22-17.— Testing condensers of the solid-dielectric type for 
p<^inle grounds to the metal container. Two common causes of in- 
ten^ grounds are lUustrated at (A). A condenser designed with 
one terminal already grounded to the metal container as shown at (S). 


Ifci some instance, a condenser may have one terminal already 
conneeted to the can internally, as pictured at (B) . Here, if the 
insulated lead of the condenser should short-circuit to the can, 
^ rimuld the cond«iser plate connected to this lead short-circuit 
to the can, not only would a second “ground” exist, but the con- 
denser would be short-circuited as well. 

22-33. The Electrolytic Condenser. — ^The electrolytic con- 
draiser is a form of condenser designed for obtaining a high cap- 
aci^r in a small amount of space. The so-called **ciry^’ type, 
which is now used extensively, consists essentially of two metal 
electnodes s^arated by gauze that has been satmated with an 
rfec^lyte. Upon connecting such a combination to a source 
of direct voltage, one plate becomes positive and the other nega- 
ttve- An oxide film only about one atom deep forms on the posi- 
ts plate, mid it is this thin film that forms the dielectric. 
^ plates are of aluminum, the oxide is aluminum oxide. 

It ie beeauw the oxide film is so thin that the capacity of 
this %pe of condensm m large per imit area, and any desired 
1» obtained by rolling up a saitable length of alum- 
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inuin foil into a compact form, as shown in Fig. 22-18. The 
•electrolyte is really the negative side of the condenser; the 
negative aluminum foil is used merely to make contact with the 
electrolyte. 

This construction has the property of allowing current to 
pass from the electrolyte (negative plate) through the oxide him 
to the positive plate, but not from the positive plate through the 
•oxide film to the electrolyte. This means that if the condenser 
is connected across a d-c source of voltage in the wrong direc- 
tion, the current fiow will be heavy; but when connected cor- 
rectly, the current flow through the dielectric will be small. 
'The application of an alternating voltage will cause heavy cur- 
Tent to flow during one-half of each cycle and no current during 
the other half cycles. However, the heavy passage of current 
during the wrong polarity half cycles will ruin the condenser 
•quickly, due to the heat developed, etc. For a more compre- 
hensive discussion of the theory and construction of electrolytic 
-condensers, see the Radio Physics Course, by Ghirardi. 

These characteristics of electrolytic condensers make it neces- 
sary to test them in special ways. While the testing of these con- 
densers by means of condenser testers was explained in Chapter 


Fig. 22>18. — Cross-section 
'view showing the internal con- 
'.stniction. of a *^dry" electro- 
lytic condenser. Two sheets 
*of alnmmimi foil are rolled 
Tip with a strip of electrolyte- 
asaturated gauze in between. 

Ci-ECTROLYTE 

VI, the use of the ohmmeter for testing them will be explained 
liere. The correct interpretation of leakage tests made on them 
-will also be considered. 

22-34. Checking Electrol 3 rtic Condensers with the Ohm- 
nneter. — ^Unlike solid dieleetiic condensers, electrolytic conden- 
ssers have a certain amount of direct-current leakage, and for 
this reason will produce some indication upon an ohmmeter, 
-even if the condenser is good. Since electrolytic condensers are 
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polarized, it is possible to secure an erroneous result when test- 
ing for a leaky condition with the oHmmeter, unless the polarity 
of the ohmmeter is correct. The polarity of the ohmmeter is 
determined by the polarity of the battery in its circuit. In 
other words, that side of the ohmmeter circuit which is connected 
to the negative terminal of the battery is negative, and that side 
which is connected to the positive side of the battery is 'positive. 
If the terminals of both the ohmmeter and the electrolytic con- 
denser are poled incorrectly, a very low resistance indication will 
be obtained which is not the normal d-c resistance of the unit, 
but the resistance of the electrolyte only. To be certain of hav- 
ing the correct polarity, always reverse the ohmmeter leads 
when testing an electrolytic condenser, and use that reading of 
the ohmmeter which indicates the highest resistance. 

22-35. Leakage Tests on Electrolytic Condensers. — ^The 
usual method of specifying the "‘goodness’* of an electrolytic 
condenser is to state the leakage current per microfarad of cap- 
acity which flows through the condenser when d-c voltage of 
approximately the rated value is applied. These leakage cur- 
rents diould not be taken too seriously, as the actual allowable 
leakage current for a normal condenser depends upon a number 
of factors, including the age of the condenser, the manufacturer, 
the rectifier tube used, the design of the power unit, the design 
of the filter and the load on the power unit. An electrolytic 
condenser that may have leakage which is considered excessive 
for one receiver may be perfectly good for a receiver of another 
design. However, in general, an 8 mfd. electrolytic filter con- 
denser rated at 450 volts should have a maximum leakage cur- 
i^t of about 3 to 5 ma. If the leakage current is greater than 
this value, the filtering usually will be incomplete. 

Cmnmon manufacturers’ acceptance tests for electrolytic con- 
densers will be mentioned here to present some idea of the toler- 
TT ^ standard 8 mfd., dSO-volt working voltage 

^^trolytac condenser is connected in series with a source of 
d-c voltage eqiml to the voltage rating of the condenser, a milli- 
of suitable range, and a resistance R of 2,500 to 5,000 
mmrn shunted by a switch, as shown in Fig. 22-19. The con- 
dense 18 allowed to charge steadily for five minutes and then 



CH. XXII TESTING INBIVIDUAL, EADIO COMPONENTS 696 


switch iS is closed. The milliainineter is then read. An 8 mfd. 
condenser should have a leakage current of about 1.8 ma. when 
new. As the condenser ages, the leakage current increases. The 
figure of 3 to 5 ma. mentioned previously should be considered 
the maximum allowable value for this leakage. 

Leakage tests of small electrolyiiic by-pass condensers having 
capacities of less than 1 mfd. are unimportant. Capacity tests are 
more informative for revealing the effectiveness of these con- 
densers for their job of by-passing. For the service man, any of 
the capacity testers described in Chapter VI may be used for 


Pig. 22-19. — Circuit employ- 
ed for measuring the leakage 
current of an ^electrolytic con- 
denser at normal voltage. 
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this purpose. It will be recalled that these capacity testers also 
considered the effect of leakage in the condenser, so that the 
single test is complete in itself. 

Small electrolytic by-pass condensers are usually rated at 25 
or 50 volts working voltage. The manufacturer's acceptance test 
of these condensers requires a set-up similar to that shown in Fig. 
22-19, except that the resistance JK has a value of about 300 to 
400 ohms. The rated voltage (or slightly higher) is applied to the 
condenser through JR for five minutes, then switch & is closed, 
and the milliammeter is read. For a new condenser to be ac- 
ceptable, the leakage current flowing through the condenser must 
be no greater than approximately 0.1 ma. per mfd. 

Of course, it is possible to check the condition of an electro- 
lytic condenser quickly without employing the foregoing method. 
Merely substitute another similar condenser known to be good for 
the doubtful one, and note the two milliammeter readings. If 
the current is appreciably higher when the doubtful one is in the 
circuit, disc ard it. Another good condenser may also be connected 
across the one under test, and the increased current reading noted. 
If both condensers are identical and good, the reading should 
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about double. Because of the fact that, in most instances, electro- 
lytic condensers are used to filter the hum from a rectified cir- 
cuit, a 2 or 4 mfd. paper condenser can be substituted for the 
electrolytic condenser to determine its condition and efficiency 
by noting its filtering qualities as evidenced by the amount of 
hum produced by the loud speaker. 

22-36. Causes of Breakdown of Electrolytic Condensers.. 

— Since the dielectric in an electrolytic condenser is very thin 

about an atom deep in some cases — more than rated voltage 
cannot be applied without endangering the life of the condenser. 
Electrolytic condensers undergo a process known as forming^ 
during which the condenser is connected to a source of direct 
voltage for a period of tilne: the longer the time of forming, the 
low^ the capacity per unit area and the higher the voltage rat- 
ing. Thus, for every size and rating of condenseif there is an 
optimum forming time. 

If the voltage applied to the condenser in service exceeds its 
safe working voltage rating, the dielectric breaks down, the film 
of aluminum oxide disappears, and the condenser conducts cur- 
rent in both directions with equal facility. This means a high 
leakage current — so high in fact that the condenser is valueless. 

It is possible in some instances to re-form the condenser, start- 
ing with a low voltage, until the film is replaced, although this 
expedient cannot be relied upon for satisfactory service. It is 
for this reason that the leakage test previously described is used; 
leakage affects the ability of the condenser to hold a charge, and 
high leakage currents mean low charge-holding ability. 

These characteristics of electrolytic condensers indicate the 
reasons why the simple charge and discharge method cannot be 
used for testing them. The leakage in even a normal electrolytic 
condenser is so great that the condenser is unable to hold a charge 
long enough for the test to be completed. Moreover, it is not 
possible to tfpply high a-c voltages to this type of condenser, 
as the reverse current is sure to de-form the anode plate (con- 
J^sted to the posibve terminal) and increase the leakage con- 
^eerably. ^ test of an electrolytic condenser must involve the 
^ of ’ unidirectional (d-c> volta^ of the rated value for the 
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Deterioration, or ^^drying up,’’ of the electrolyi^e is another 
cause for failure of electrolytic condensers. If the unit is sub- 
jected continuously to too high a temperature, the leakage in- 
creases, thereby causing the leakage current to increase greatly. 
This increased flow of current through the internal resistance 
of the condenser produces still more heat, etc. If the unit is 
operated in this condition very long, this cumulative action causes 
it to deteriorate and dry out. For this reason, electrolytic con- 
densers should be located at the coolest place on the chassis. 
Wet electrolytic condensers will very often check O.K. when 
cold, but when voltage is applied, defective ones will heat up, 
and place a heavy load on the power transformer. 

22-37. Testing Variable Condensers With the Ohmmeter. 

^A variable air condenser used for tuning radio circuits may 
be tested for short-circuits by connecting an ohmmeter to its 

VARIABLE OHMMCTERJ 

Fig. 22-20. — Use of an 
ohimneter for testing a 
variable condenser for 
short-circuits at any posi- 
tion of the rotor plates. 


terminals, as shown in Fig. 22-20 (after all tuning coils, etc., have 
been disconnected from it). If the ohmmeter reads zero re- 
sistance at any time while the condenser is rotated from zero 
to maximuiia, then it is short-circuited at that point ; if the ohm- 
meter indicates infinite resistance throughout the rotation of the 
rotor of the condenser, then it is good. The “leakage” of an 
air-dielectric condenser is usually so small that it cannot be 
measured with the ohmmeter or any of the other teste that have 
been described here; delicate laboratory apparatus is required. 

Short-circuits in variable air condensers are usually due to. 
bent or warped plates or to the accumulation of foreign matter 
between the plates and to the peeling of their surfaces. The 
remedy for this condition will discussed in Art. 26-13. In 
many instances, small burs which, appear on the plates close 
to the shaft of the condenser cause peeling of the surface of 
the plates near them if the temperature varies appreciably. 





MODEEN KADIO SERVICING 


CH. XXII 

22-38. Testing Grid Bias Cells. — ^Bias cells are electro- 
chemical units used only for supplying bias potential of approximate 
ly 1 volt. Since their current-supplying: capacity is less than one 
mt^o-ormpere, their voltage and condition should be checked with * 
V.T. voltmeter which draws no current — never with an ordinarv volt 
meter 1 Another simple method is to connect a milliammeter in the 
plate circuit of tubes biased by these cells ('6A7 or '6D6. & 

75, 1 cell ; etc.). Measure the plate current with the cells in thi 
mrcmt; then carefully remove the cells and substitute in their nlace 
a voltage equivalent to the totoZ rated cell voltage. If the reading oK 
temed wtt^ the bias c^ls is more than about 40% different from th^ 
with the other bias voltage source, the bias cells should be replaced 

is filled with a thick 

liquid. When the receiver is in its normal position, the bias cell 
be mounted on its side (which is the correct position), so that 
^e liquid comes in con^ct with the carbon block and the inside of 
container. However, a receiver is sometimes Itolf up 
r? a service man is working on it on the service benc^ 

. In feis position, the bias cell may be in an upright position and the 
liquid may touch the carbon block. If this happens, it ^fl came 
se^re distortion if the receiver is being operated. If the f oregoinir test 
conducted on the cell with the receiver in this position, mls^ 
leading rea^ngs will be obtained of course. According^, the ne?i?I 
sary precauti^ should be observed when working on *'C^'-bias cell 
receivers on the service bench. ^ ^ 
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REVIEW QUESTIONS 

Bescribe the construction of typical wire-wound tesistors used 
State their advantages! Disadvantages! 
At What pomts in wire-wound resistors are open-circuits likelv 
to occur? Explain the reasons for your answer! ™ 

may a wire-wound resistor become grounded wifhiTi 
itself? Draw a sketch to illustrate your answl^ ^ 

typical moulded-carbon type re- 
^stcKTS. What are their advantages ? Disadvantages ? ^ 

At wmt points in moulded-carbon type resistors arp tmuKiAo 
ww are the causes of these troubles ? 

resistor should you employ in a particular case if 
It 18 to dissipate a power of 3 watts? Why? “ 

(<i)^gronndsrif®you”hark oiimeter"^ 

SSSi Sis Sf K 

^id^^'^CTstenf resistor in the voltaee- 

r8theunitdefec«v^l3"ffl?tX'’ replaced ? 

hot resistance measurements be made? 
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12. What is meant by ^‘temperature coefficient of resistance”? Ex- 
plain! Of what importance is it to the radio service man? 

13. What is meant by “voltage coefficient of resistance”? Explain I 
Of what iiffportance is it to the radio service man? What is its 
relation to temperature coefficient of resistance? 

14. How would you test a 2,000-ohm resistor for continuity, by means 
of a 150-volt d-c voltmeter and a 110-volt source of d-c voltage? 

15. How would you test a resistor for continuity by means of a neon 
lamp? Explain! 

16. What, in your opinion, is a satisfactory way of testing a re- 
sistance which you suspect of having an intermittent contact 
which causes intermittent reception in the receiver? 

17. How would you test a 5-niegohm resistor for a possible defect? 
What defect would this most likely be? 

18. A resistor is marked 2,000 ohms. If the tolerance is plus or 
minus 10 per cent, what might be the actual resistance of this 
unit if it is normal? 

19. The resistor of Question 18 is of moulded-carbon construction. 
How would increase of temperature affect its resistance? 

20. Upon checking a certain resistor in a receiver, you find it to be 
“open”. No resistance value is marked on it, and you have no 
circuit diagram or service data sheet for the receiver. How 
would you determine the resistance value and power rating of 
the replacement resistor which you would use to replace this 
faulty unit? 

21. Draw simple sketches showing the two most frequent causes for 
open-circuited r-f coils. How would you test for this condition ? 

22. Would it be satisfactory to test the primary winding of an audio- 
frequency transformer for continuity by means of an incan- 
descent lamp in series with the electric light circuit? Give 
reasons for your answer. 

23. A radio receiver exhibits all the symptoms usually caused by a 
partially shorted transformer primapr. There is another similar 
transformer in the receiver. Explain how you would determine 
whether the first transformer primary is partially shorted. 

24. Describe the type of instrument you would use to test a trans- 
former for: (a) opens; (6) shorts; (c) grounds. State your 
reasons for the choice in each case. 

26. H you examined an inoperative receiver and found the top 
windings on the power transformer charred, explain the steps 
you would take to ascertain the trouble. 

26- How would you eliminate vibration of the laminations of a 
power transformer? 

27. Explain why it is bad practice to remove the power tubes in a 
radio receiver while it is operating, in order to find out if this 
produces a “click” in the loudspeaker. 

28. A power transformer winding checks O.K. between the two coil 
leads, but when the ohmmeter is connected across the soldering 
lugs which connect to them, it indicates that the circuit is open. 
What would you suspect as the most likely cause of this teouhle ? 
How would you verify your suspicion? How would you elimin- 
ate the tarouhle? 

29. A 4-mfd. 460-volt paper type condenser is suspected of breaking 
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30. 

31- 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

30- 

40 . 


down under load. Describe a simple method for testing this con- 
denser by the “spark discharge” method. An ohmmeter or cap- 
acity tester is available. Suppose a spark is obtained when the 
condenser is discharged immediately after charging, but no spark 
is obtained if the condenser is discharged 3 minutes after charg- 
ing. What would you conclude? 

Can an electrolytic condenser be tested by the spark discharge 
method? Explain! 

A 2-section 450-volt electrolytic filter condenser having a cap- 
acity of 8 mfd. per section and having a common negative term- 
inal is to be tested for leakage. Explain how you would pro- 
ceed to do this. What total leakage per section would you con- 
sider allowable ? 

What precautions must be observed when testing an electrolytic 
condenser for leakage with an ohmmeter ? Why ? 

How would you check the condition of an electrolytic filter con- 
denser if no meters or other test instruments were available? 
What would happen if a large alternating voltage was applied 
for testing electrolytic condensers? Explain! 

Is it possible to employ an ohmmeter to check the condition of a 
solid-dielectric type fixed condenser with absolute certainty? 
Give reasons for your answer. 

When a solid-dielectric type condenser is being tested with an 
ohmmeter and the meter needle kicks up and then down once, 
what does this indicate? Why does the needle deflect? 

A reading of 20,000 ohms is obtained upon an ohmmeter when 
toting a 2-mfd. paper-type, filter condenser. Explain two pos- 
sible causes for this indication and what effect this condenser 
might have if it were used in the R-filter of a receiver. 

Explain how you would test a 1-mfd. paper-type filter condenser 
with a pair of earphones. How would you test a 0.001-mfd. mica 
condenser hy this method? How would an open circuit be in- 
seated? How would a short-circuit be indicated? How much 
battery voltage would you use? 


A 1-mfd. paper-type filter condenser is tested by means of a 
neon bulb connected in series with it and the 110-volt electric 
l%ht circuit. If the condenser is perfect what indication should 
n^n ti^e give;^ (a) at the instant that the circuit is closed: 
(5) a^er the ewemt is closed— if direct current is used. What 
moications would be obtained if a-c is used? 


WMt would be the neon tube indications for Question 39 if direct 
^ent was used rf: (a) the condenser is “open”; (b) the con- 
dense is shorted ; (c) the condenser is slightly ^%aky”; (d) 
thecondenser is verv leaky? ' 
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OBSCURE RECEIVER TROUBLES NOT 
REVEALED BY SET ANALYZERS 

23-1. Obscure Troubles in Receivers. — ^Possibly the most 
perplexing troubles encountered in radio service work are those 
which do not manifest themselves by abnormal currents, volt- 
ages, or resistances and hence are not located by the usual cur- 
rent-voltage or resistance-analysis of the receiver. The analy- 
zer readings may all be normal, all the tubes may test within 
acceptable tolerances — and yet the receiver may operate poor- 
ly, intermittently, or not at all. Cases of this kind are most 
common in superheterodyne receivers, because many troubles and 
misadjustments may exist even though the tubes, voltages and 
parts are in normal condition. The hunting down of these ob- 
scure troubles often taxes the resourcefulness and ingenuity of 
the service man and calls forth from him every bit of radio 
knowledge and experience he possesses. It is the purpose of this 
chapter to point out some of the causes, and, what is even more 
important, remedies for common receiver troubles that are not 
usually revealed by the ordinary voltage, current, or resistance 
analysis of the receiver. 

In Chapter XVIII, some preliminary tests were explained, 
which may be made to localize the trouble to a particular portion 
of the receiver. These preliminary tests should he made 
in all cases. However, for the purposes of radio servicing, the 
receiver should not be considered* as a complete unit, but rather 
as being composed of a number of mam correlated parts. Since 
each main part of a radio receiver may develop certain individ- 
ual troubles that are characteristic of that part, it is logical ihat 
we should treat and discuss each one of these iaroubles separately. 

One important point should be kept clearly in mind through- 
out this chapter. For instance, an open-circuited primary wind- 

eoi 
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ing or plate impedance, such as the resistance or choke coil of an 
r-f or i-f transformer, can be rcYealed by lack of plate voltage 
in that stage. An open-circuited secondary coil will often mani- 
fest itself by zero grid bias and an increase in the plate current 
of that stage, etc. These causes of trouble will undoubtedly be 
revealed quickly by the set analyzer and a point-to-point test, 
so we are not interested in them here. However, other more 
obscure troubles, which the set analyzer would not reveal, might 
cause the same symptoms. These are the types of troubles in 
which we are interested in this chapter. This point will not be 
mentioned again, but it should be kept clearly in mind through- 
out the entire chapter. We shall call these ''obscure” troubles 
^ee their causes are not readily apparent and they are not 
easily located. 

23-2. Obscure Troubles in R-F and I-F Amplifiers. — ^The 
main trouble symptoms which mfay result from "obscure” troubles 
in radio-frequency and intermediate-frequency amplifiers are: 

1. Lack of sensitivity. 

2. Oscillation or regeneration. 

3. Station interference. 

4. Double-spot tuning. 

5. Code interference. 

6. Hum. 


7. Fading, 

8. Intermittent reception. 

2. Distortion. 

10. Hoisy reception. 

•Hiese wiU now be considered in detail in the above order. 

23-3. Lack of Sensitivity Caused by Coupling Coil or 
Condemer. ^Lack of receiver sensitivity, resulting in weak 
IS often due to some failure in the coupling arrangement 
ployed to transfer energy from one r-f stage to the next. To 
iHu^te ^ pcmt, let us consider the r-f amplifier stage circuit 

V ^ ^ is s high-impedance plate 

ciw*e emmtrocted so that its resonance point occurs at some fre- 
ttie low-frequency end of the broadcast band. It 
b0 some distance from tuning coil L„ as the 

e^gy does not depend entirely upon inductive 
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coupling between Lt and Li. The coupling between the plate 
circmt of one tube and grid circuit of the next is mainly capaci- 
tive, and is obtained by the capacity action between the grid coil 
Li and the ‘‘coupling winding” (which consists of a few turns of 
wire placed near Li), or by means of a low-capacity coupling 
condenser, Co, as shown at {B) of Fig. 23-1, An open-circuit in 
the lead connecting the “coupling coil” to the plate of the tube, 
or an open-circuited coupling condenser Co, causes the set to be 



CA) (B) 

Pig. 23-1. — ^An open circuit, in either the coupling-coil circuit 
shown in (A), or in the coupling-condenser circuit shown in {B) will 
cause lack of sensitivity in an r-f or i-f amplifier which employ them- 
These obscure troubles would not be revealed by the usual voltage- 
current analysis of the receiver. 

insensitive, and weak reception results — or the set fails to operate 
altogether. If the insulation between the coupling coil and Lz 
becomes faulty, leakage (or a short-circuit) will take place be- 
tween them, resulting in “noise^^ or even complete inoperation. 
The faulty insulation should be replaced. 

Aji open eirciiit in either the coupling coil or coupling con- 
denser cannot be disclosed by a voltage-current test with a set 
analyzer. A point-to-point resistance check may reveal the open 
coupling coil. However, these parts may be placed under suspicion 
by the action of the receiver. A study of their function in the re- 
ceiver will show why they may cause lack of sensitivity. The 
primary Lx is usually a universal-wound coil placed inside and 
close to one end of the secondary, Lz, Transfer of energy takes 
place from Li to Lz inductively, mostly at the low-frequency end 
of the tuning band ordy. Near the high-frequency end, the current 
actually flowing through the coil is small compared to that 
through the distributed capacity of idle coil (it is usually timed 
by means of its distpdbuted capacity to about 600 meters in a 
broadcast receiver), so that the amount of energy transfer is 
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small. The additional coupling coil is placed as shown at (A) or 
a small amount of capacity is added, as shown at (J5) , in order to 
bring up the high-frequency response. Therefore, if a receiver 
operates well over the low-frequency end of the scale, but the 
response falls off gradically as it is tuned to a higher and higher 
frequency, any coupling arrangements such as these should be 
suspected if they are employed. The receiver response may be 
tested by feeding a signal of constant strength to it by means of 
a test oscillator, and measuring the receiver output by means of 
an output meter while the tuning of both the test oscillator and 
receiver are varied, in step, over the entire broadcast range. 

23-4. Lack of Sensitivity Caused by Mis-alignment. — 
Lack of normal sensitivity in a t-r-f receiver may also be due 
to mis-alignment of its tuning circuits. Although the methods 
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Fig. 23-2. ' — Resonance 
curves illustrating how 
^‘double-hump’^ response, 
C, will occur due to mis- 
alignment of the tuning 
circuits whose individual 
resonance curves are A 
and B respectively. 


used to align tuned eircuits of t-r-f receivers will be discussed in 
detail in Chapter XXIY, it is well to point out here how mis- 
^gned tuning circuits may be recognized by certain symptoms 
of the receiver. If the timed circuits of a t-r-f receiver are not 
aligned properly, the receiver will be insensitive because all the 
individual tuned circuits will not be tuned to the same common 
frequency at all settings of the tuning dial. This results in 
w^k signals and “double-hump^' tuning. 

The form of double-hump tuning to be described here is not 
the same as that encountered with superheterodyne receivers, 
thou^ it may occur in both types. If one tuned circuit is tuned 
to 1,000 kc and another to, say, 1,050 kc, the combination of the 
two resonant frequencies will give rise to a type of response not 
characteri^ic of t-r-f receivers. Thus, suppose response curve A 
of Hg. 23-2 is that of circuit No. 1, and curve B that of circuit 
No. 2. The overall response of the tuning system will be that 
shown by curve O. If the two peaks are 50 kc apart, then the 
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tuning system will respond to a range of frequencies at least 60 
kc wide. When tuning a t-r-f receiver with mis-aligned eircuits, 
the response will be weak and the tuning broad; further- 
more, there will be two distinct points, close together, at which 
definite resonant peaks can be noted. These points correspond 
to the individual peaks shown in the figure. If the misalign- 
ment of the tuning circuits is caused by the gang tuning con- 
densers, the receiver should be realigned in accordance with the 
information presented in Chapter XXIV. 

A change in coil inductance, caused by the absorption of 
moisture or the shifting of the turns of wire of which the coils 
are composed, can also cause misalignment of the timing circuits, 
with the resulting broad tuning and insensitiveness. Modem re- 
ceiver manufacturers take precautions to prevent the absorption 
of moisture or the slipping of turns, but they often occur never- 
theless. In some instances, when the shift in inductance is 
slight, it may be compensated for by a readjustment of the 
trimmer condenser, but, when the shift is fairly large, a new coil 
must be used. Attempts to compensate for appreciable induct- 
ance shift by capacity readjustment almost always results in 
misalignment at frequencies other than the dne at which the 
realignment was made. 

23-5. Use of Tuning Wand for Checking Alignment, — 
If a gang-timed receiver has symptoms of broad tuning and 
abnormally low sensitivity, it is natural to suspect that one or 
more of its r-f tuning stages are mis-aligned (of course it is as- 
sumed that a tube check and analyzer test has revealed no other 
troubles) . Before making any r-f, oscillator, or first-detector 
adjustments, the accuracy of the existing adjustments should be 
checked. This can be done quickly without disturbing the ad- 
justment of the trimmer condensers, by means of a simple little 
tool called a tuning wand, provided the receiver construction is 
such that it is possible to insert a tuning wand through an open- 
ing in the shield of the tuning coil (if shields are employed) so 
that it may be inserted into the coil-form proper. The receiver 
should be tuned either to the signal from a broadcasting station, 
or a signal should he fed to it by a test oscillator and its 
output measured by a suitable output indicator when this is done. 
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The tuimg wand, Fig. 23-3, consists of a bakelite rod having 
a brass cylinder at one end and a special finely-divided iron core 
insert at the other end. Inserting the brass cylinder into the 
center of a tuning coil lowers its inductance because of the re- 
^tion of the eddy currents induced in the brass. Inserting the 
iron end iricreases its inductance because of the high permeabil- 
ity of the iron. From this it is evident that before adjusting the 
tehnmer condensers on the main gang tuning condenser, the ad- 
justment may be checked by inserting each end of the wand into 
the coil. If insertion of the brass end increases the receiver out- 
put, the tuning capacity must be reduced. If iasertion of the 



wbetSr wand” which may be used to determine 

tuned stage is properly aligned with others in the^me 

iron end incases the output, the tuning capacity must be tn- 
crea^. iprom this it is evident that unless the trimmer adjust- 
m^ for a particular coil is perfect at alignment frequencies 
m^g one end of the wand may increase the output of a par-’ 
si^. A perfect adjustment is evidenced by a lowering 
2il CJr r “®erted into the 

• receiver is found to be but of alignment ad 

^ents should be made, as explained in Chapters^iv’ anii 
w?® receiver output maximum. If it is badly out 
shoTild be examined for short-circuited 
hipped to™, disco, to, to to, .b,„pao"“ 

Ins^-* Sensitivity in Superheterodyne Receivers— 

twn superheterodyne receivers may be divided into 

««ae fixed frequ^my, which is always the difference betwe^ 
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the signal frequency and that of the oscillator. If the alignment 
of the oscillator stage becomes shifted in some way, the oscilla- 
tor frequency changes, which changes the ^‘difference frequency,” 
or i-f produced. This “difference frequency” will not be the 
same as the frequency to which the i-f stages are fixed-timed. 
Therefore, the amplification produced by the i-f amplifier is^ 
greatly reduced. A. change in coil inductance caused by the 
absorption of moisture or shifting of the turns of wire (see Page 
605) is often responsible for this mis-alignment of the oscillator 
stage. Regardless of the degree of selectivity of the r-f ampli- 
fier preceding the first detector, the sharpness of tuning remains, 
although other forms of interference may be experienced. 

The alignment of the oscillator stage may be checked easily 
through the use of a calibrated r-f test oscillator producing an 
unmodulated signal. A small pickup coil (of 5 or 10 turns) , which 
fits over the first-detector tube is employed to couple the test 
oscillator to the receiver. Before switching on the test oscillator, 
tune the receiver to the correct, or known, frequency of some 
broadcast station operating on about 1,100 or 1,200 kilocycles. 

If the receiver uses a separate oscillator tube, it should be re- 
moved. Now adjust the test oscillator to produce a signal fre- 
quency which is higher than the frequency to which the receiver 
is tuned by an amount equal to the frequency of the i-f ampli- 
fier. In other words, if the receiver is tuned to a 1,200 kc 
broadcast station, and a 260 ke i-f amplifier is employed in the 
receiver, then the test oscillator should be adjusted to 1,460 kc. 
The broadcast station should now be heard if the receiver is in 
operating condition, since the test oscillator signal will beat with 
the station carrier to produce the intermediate frequency. It 
is assumed that the dial calibration of the receiver is correct. 
Should satisfactory operation be obtained in this manner, and 
the receiver fail to operate satisfactorily when connected in the 
normal way, then the oscillator circuit in the receiver is at fault. 

Once the oscillator has been adjusted, the r-f circuits may be 
checked by means of the tuning wand described in Art. 23-5. The 
ahgnm^t of the i-f amplifier, however, cannot be checked unless a 
test oscillator and an output indicator are available, as will be ex- 
plained in .Art. 26-13 of Chapter XXV. 

Poor sensitivity in superheterodyne receivers may also be 
found to be caused by poor, or *‘flat,” oscillator tubes which 
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apierate at certain frequencies and not at others, although they 
test satisfactorily in a tube checker. The type ^36 tube em- 
ployed in superheterodyne receivers as a combination first de- 
tector and oscillator is a frequent offender of this type and is a 
source of much annoyance. It may oscillate only over certain 
frequencies, sometimes at both ends of the broadcast band and 
sometimes at either the low or high-frequency end. This con- 
dition may be remedied by reducing the value of the cathode bias 
resistor so as to increase the plate current. Usually, however, 
merely changing the oscillator tube is sufficient. 

An excellent manner by which obscure troubles in the r-f 
stages of superheterodyne receivers may be localized is as follows. 
Disconnect the oscillator voltage by removing the oscillator tube 
or short-circuiting the oscillator tuning condenser. Place a pair 
of headphones in place of the primary of the first i-f transformer 
and tune the receiver for signals.* The signals should have fair 
strength because the mixer tube is usually a good detector (except 
m tlie pentagrid converter tubes, which are only fair detectors) ; 
the r-f circuits should now be lined up. The oscillator tube should 
&en be placed in operation and the phones connected in the plate 
drcuit of the second detector; the oscillator and r-f circuits may 
fiien be adjusted. In this manner, troubles in the r-f end of the 
receiver may be discovered and corrected, without the complica- 
tions usually added by the oscillator and i-f amplifier. 

23-7. Dack of Sensitivity Caused by Faulty Connections. 
— There are several causes of insensitivity common among t-r-f 
and superheterodyne receivers which are not usually revealed by 
an ordinary receiver analysis. These causes are usually most 
difficult to find, and therefore require the most time to locate. 

A high-resistance joint in the primary or secondary of tuned 
circuits will result in low sensitivity. A high-resistance joint is 
usually caused by faulty soldering, and, though it may have 
Etde effect on the voltage readings, may offer considerable re- 
sistance to the radio signals. The best method of deterniining 
whether such a condition exists, is by means of an ohmmet4r used 


N<ra: K a crystal detector is connected in series with the ear- 

removed. This unit may then 
cheeking the signal at any stage of either the r-f or i-f 
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as a point-to-point tester. Difficulties of this nature are also 
often associated with the fact that reception is obtained over 
only a part of the tuning range, usually the low-frequency sec- 
tion. To illustrate how obscure a trouble of this kind may be, 
mention may be made of a case in which a superheterodyne re- 
ceiver was serviced. The set received stations below 860 kc at 
low volume, but no reception was obtained at all above 860 kc. 
The usual set analysis disclosed all operating voltages to be nor- 
mal and beyond suspicion. However, a careful resistance check 
brought to light a high-resistance connection between the choke 
in an r-f plate circuit and the lead connected to the small, double- 
turn coupling coil placed at one end of the secondary. The re- 
sistance of this connection was about 1,000 ohms — enough to im- 
pair the sensitivity of the receiver. 

High resistance joints cannot always be located by mere vis- 
ual inspection or ohmmeter tests. The degree of contact, and 


Fig. 23-4. — How degenerative ef- 
fects occur when the by-pass con- 
denser across a grid bias resistor 
has an open-circuit “X*' either ex- 
ternally or internally. 



resistance of the joint, may depend upon the temperature of the 
receiver — the joint may have a high resistance only when the re- 
ceiver is either or ‘‘cold”. More will be said about thi« 

later, when discussing intermittent reception. Sometimes, it is 
necessary to test or resolder almost every connection in the re- 
ceiver in order to locate the faulty one. 

An external or internal open-circuit in a grid-bias by-pass 
condenser can reduce the sensitivity of a receiver considerably. 
For example, consider the simple commonly-used “automatic 
bias’^ arrangement shown in Fig. 23-4. When a signal is applied 
to the tuning coil primary, an alternating voltage is induced in 
the secondary, L. The amplitude of this voltage is less than that 
of the grid bias. However, this alternating signal voltage causes 
the potential of the grid of the tube to become alternately more 
and less negative once every cycle. When the grid becomes lem 
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negative due to the signal, the plate current increases, and, since 
this plate current flows through the resistor R, furnishing the 
bias, the voltage drop across R would increase if C were not 
present (or if C had an internal open-circuit) thus tending to 
cause the grid bias and potential of the grid to become more 
negative. The reverse action takes place when the signal polar- 
ilgr is such as to tend to make the grid more negative. It is 
evident that the polarities of these changes in the bias voltage 
are such as to buck the signal voltage variations across L. This 
results in decreased signal voltage variations at the grid of the 
tube, with consequent loss of sensitivity. It is the purpose oj 
hy-'pass condenser C to maintain sufficient electrical charge so 
that the voltage across R remains constant during the individual 
cycles of signal voltage. If C becomes open-circuited, then the 
voltage across R fluctuates a half cycle out of phase with the 
signal and results in what is sometimes called degeneration. 

It is interesting to note at this time that a push-pull amplifier 
requires no by-pass condenser across its bias resistor, because the 
plate currents of both tubes are always a half cycle out of phase 
with each other — one decreases by the same amoxmt and at the 
same lime that the other increases, hence the net fluctuating cur- 
rent through their bias resistor is always zero. Consequently no 

by^pass condenser is necessary to steady the voltage across it 

it is already steady, 

23-8. Oki^tion in Receivers. — ^In Chapter XV we de- 
scribed oscillation as the transference of energy from one elec- 
trode to another, such as from a plate to a grid. If the transfer of 
enCTgy is not sufficient to maintain the circulation of energy 
TOthout external aid, then the tube is said to be regenerating. 

A re^ierating receiver is evidenced by extreme sensitivity and 
High sensitivity is desirable in many cases, but, 
wto It 18 b^ond the point originally set by the designer, tube 
mases be«mme large, the quality is impaired because of the cut- 
teig off.of side bands, and the receiver becomes unstable. In- 
stabihty m^ tiiat the receiver will not have uniform response 
<ma- the Mtne timing range. Signals nearest the frequency where 
m greatest will have more strength than others: the 
apial stn^gth of ^tians, especially weak ones, will vaiy frmn 
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time to time; the dial setting for a given station will not be the 
same at all times ; the timing circuits will not stay aligned, because 
regeneration changes the effective inductance of the tuned cir- 
cuits, and the change in inductance is dependent upon the amount 
of regeneration. 

Eor our purpose, oscillation may be considered as an ad- 
vanced degree of regeneration, and the causes of both are, in 
practically all instances, the same. For this reason, we will dis- 
cuss the causes of oscillation and regeneration as if they were 
both one and the same thing. For further simplification, the 
discussion will be divided into two sections, one for r-f and iJie 
other for i-f circuits. 

23-9. Obscure Causes of Oscillation in R-F Circuits. 

Oscillation in a t-r-f receiver may be recognized instantly by 
the audio-frequency beat notes set up between the signals tuned 
in and the oscillations in the receiver. Thus, if a 1,000 kc station is 
tuned-in, and the receiver is oscillating at a frequency of 1,001 
kc, a IflOQ-cycle note will be heard in the loud speaker. This 
1,000-cycle note will usually overlap the modulation of the 
original signal so that intelligent interpretation of the original 
audio modulation is impossible. Oscillation of this form may 
be verified by turning the tuning dial slowly. As a station is ap- 
proached, the beat note will decrease in pitch to nearly zero, and 
then, as the tuning dial is turned further, the note will grad- 
ually rise in pitch imtil it is beyond audibility or the station is 
tuned out completely. 

This test is an important one, for the mere presence of an 
audible note is not always an indication of an oscillating re- 
ceiver. If the carrier waves of two pow^ful transmitters are but 
5 kc apart, and each is modulating up to 6,000 cycles, then there 
will be interference between the two modulations. It is true that 
the carrier frequencies of local stations are separated by at least 
10 kc, but a low-powered local and a high-powered distant sta- 
tion may be separated by only 5 kc, in which case both will be re- 
ceive with audible strength and int^erence will result. Turning 
the tuning dial will not produce a changing-pitch beat note here, 
for now the beat-note frequency is determined by the frequency 
separation of the two stations, not by the receiver adjustment. 
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Oscillation originating in a t-r-f receiver may also be detected 
by placing a finger lightly on the control-grid terminal of each of 
the r-f amplifier tubes. At one of them the beat note will stop, 
and the audio will come through clearly. This is almost always 
a certain indication of oscillation in the receiver, and in the stage 
corresponding to the tube on which the finger was placed. 

The removal of the antenna lead will often make a receiver 
oscillate. The antenna places a certain load on the first r-f 
stage of a receiver, just as a resistor across the secondary of a 
transformer places a certain load on that transformer. If the 
load is too small, the tube will break into oscillation for the fol- 
lowing reason: every stage in every receiver has a certain amount 
of regeneration, regardless of how small it may be. In most in- 
stances, the amount of regeneration is not great enough to cause 
the receiver to oscillate or become unstable. However, we know 
from our study of oscillator action (Art. 15-7) that *when 
the energy fed back from the plate to the grid circuit is great 
enough to supply the losses in the grid circuit, oscillations will 
be sustained. This means that if the antenna system is removed 
from the input terminals of the receiver, the losses attributed to 
that stage are reduced, and the tube may generate self-sustained 
oscillations. 

A receiver may oscillate if the aerial to which it is connected 
m too t^all. The remedy here, of course, is to make it longer. 
An excellent test for oscillation due to insufl5cient aerial length 
is to tune in a strong local station that can still be received if the 
aerial is disconnected. This station must also be such that a 
beat note is produced when it is being received with the aerial 
connected normally. Now, short-circuit the aerial and ground 
posts of the receiver and note if the beat note is still produced. 

If it has disappeared, then the aerial length must be increased. 

Another test is to lightly tap the control-grid of the first r-f 
t^e. If oscillations exist, a distinct "'click” will be heard every 
lime ate finger is touched to and is removed from the cap. With 
the aerial-ground posts iShort-circuited, the clicking should dis- 
appear if the aerial needs lengthening. 

2S-ia Oscmafibn Due to Inter-Stage Coupling in Plate 
Circmts. Open-circuited by-pass condensers in the plate pr 
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screen-grid circuits are one of the most frequent causes of oscilla- 
tion in receivers. A typical example of such plate-circuit 
by-passing is illustrated in Kg. 23-5. By-pass condensers Ct^ 
Ct and Cs by-pass the plate circuits; and chokes Li, Lz and Ls 
are in the plate circuits. Suppose C* were to open-circuit. The 
Line, carrying all the currents for the plates of the other r-f 
or i-f tubes, would be at a different r-f or i-f potential than the 
bottom of the primary P^. Now current flows whenever there is 
a difference of potential, so, if the choke L* is not large enough 


■m-f cm \~r OR »-r r-tor 



Fig. 23-5. — A typical arrangement for by-passing the plate cir- 
cuits of a receiver. Chokes are shown inserted in the plate circuits 
to assist the by-passing action of the by-pass condensers. 

to prevent the flow of r-f current, some of the weak r-f current 
in the P-f- Liite will flow through P*.. Hence, the plate circuit 
of Vj 2 will have r-f or i-f that belongs to some other stage. This 
^circulation of energy between one stage and another gives 
rise to what is called interstage coupling (another name for os- 
cillations generated because of the transfer of energy from one 
stage to another instead of from one electrode of one tube to 
another electrode of the same tube) . 

The purpose of the condenser C* is to by-pass any r-f in the 
plate circuit to ground. In other words, the reactance of C* must 
be small enough to pass all the r-f currents through the circuit 
shown by the arrow. By so by-passing, the potential of the bot- 
tom of P* is made the same as that of B+ Ime; hence removing 
the difference of r-f or i-f potential, which was causing the trans- 
fer of ener^gy from this stage to another. 

Another way of looking at the problem is to think of Of as 
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having a small enough reactance to by-pass any r-f in the plate 
circuit of Vg directly to ground before it gets to the Line, 
and the purpose of the chokes is to assist the by-pass condenser 
by making the reactance of the path to this jB.-j- Line great 
enough so that the current will flow through the easier path 
through Cg to groimd instead. In this manner, the Line 
will have little or no r-f or i-f current flowing in it. 

If any of the plate circuit chokes become open-circuited, then 
there will be no plate voltage on that tube in which the open- 
circuited choke is connected. On the other hand, if the choke 
becomes short-circuited, there will be plate voltage, but the re- 
ceiver may oscillate because the reactance of the choke is not 
present to prevent high-frequency current from staying in the 
circuit in which it belongs — ^the reactance of the by-pass con- 
densers may not be low enough to by-pass all the high-fre- 
quency currents to ground. 

To sum the whole thing up in a general statement, it is good 
practice to employ proper by-passing and choking in order to 
ke^ al high-frequency current within the stage in which it be- 
longs. Anything that prevents this localization of current will 
tend to cause oscillation. The chokes and by-pass condensers 
are used for this purpose — they prevent inter-stage coupling, and 
hence are called de-coupling filter s. The chokes may be replaced 
by resistors with no change in action, with perhaps the added ad- 
vantage that the impedance from Pg to the JB-f- Line is inde- 
pendent of frequency; a disadvantage, however, is that the plate 
voltage is reduced by the voltage drop in the resistor. 

23-11. Oscillation Due to Inter-Stage Coupling in Screen- 
God Circuits. — The problems arising in screen-grid circuits are 
son^what different. Consider the circuit of Fig. 23-6. The JB-f- 
vcdt^ge is fed to aU the screen grids through the voltage-dropping 
nraistor iJ. RIach screen circuit is equipped with a separate by- 
pa^ condenser used to pass to groimd any r-f or i-f in the 
sisreen circuit. It is generally conceded that choking is not 
ne^ed hi screen circuits. If the screen by-pass condensers are 
of dze or are open-circuited, then it is possible for 

coupling to take place because of the presence of the 
mmimm vpl^ige-droppmg resistor R 



CH. XXIII 


OBSCUKE RECEIVER TROUBLES 


61S 


The high-frequency screen currents in the successive tubes of 
the amplifier are 180 electrical degrees (a half cycle), out of 
phase with each other, i.e., when the screen current of Yj is rising , 
that of Ya is jailing and that of Ys is rising. This phase shift 
is due to the reversal of phase in the coupling devices between 
the tubes. Now suppose that there were no screen by-pass con- 
densers at all, or that they were too small or open-circuited. 

An increase in screen current due to Yj would cause an in- 
crease in the voltage drop across R. This would reduce the 



Pig, 23-6. — ^How several screen-grid circuits which are fed through 
a common voltage-dropping resistor R must be by-passed by conden- 
sers to prevent oscillation due to inter-stage coupling. 

screen voltage on Y*, causing a drop in the screen current of Y*. 
But the drop in screen current in Yj is greater than the increase 
in screen current in Vi because the signal voltage on F* is 
greater than that on Yi by the amplification of the preceding 
stage. Without considering Vs, then, the net result is a decrease 
in the current through R, which means increased voltage applied 
to the screen of Yj. Increased voltage on the screen of Yj means 
mcnre screen current, and more screen current means more volt- 
age drop in R, More voltage drop in R means less voltage on the 
screen of Y*, etc. 

This process continues to build up, with the result that the 
fluctuating screen currents reach proportions entirely unwar- 
ranted by circuit conditions, and, if these fluctuating currents 
are not by-passed to groimd, oscillation due to inter-stage coup- 
ling is sure to result. On the other hand, the phase of the screen 
current in V a is the same as that in Fi, so that any increase 
in screen current In Fx will lower the screen voltage on Y j . And 
♦since the screen current in Fs is in the process of mcreasing, in 
i^ai^ with :W't, the net result is a smaller variation in current 
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tiian is warranted by circuit conditions, and inter-stage coupling 
is minimized. 

Of coujfse, the same thing happens if the plate circuits are 
fed by a common resistor which drops the higher B voltage to 
the projper value required for the plates of the tubes. In this 
case, a large condenser, about 4 mfd., must be connected to the 
plate side of the common resistor. This condenser, having a 
large capacity, will maintain the voltage applied to the plates 
constant during high-frequency changes, preventing the cumu- 


V2 Vj 



Eig. 23“7. — ^An amplifier circuit arrangement in which the con- 
nectittg together of the screen grids and plates of the alternate tubes 
prevents inter-stage screen- or plate-circuit coupling without the need 
for hy-pass condensers or chokes. 

lafeve action described. The action of each of the by-pass con- 
densers shown in Fig. 23-6 serves the same purpose, so that if 
one of them becomes open-circuited, there is a possibility of 
c»ciIIation, or at least regeneration, taking place. 

This discussion leads to the interesting fact that since the 
r-f or i-f current variations in, the screen and plate circuits of 
successive amplifier tubes are a half cycle out of phase, the plate 
circuits of oZtcrruite tvh&s may be connected through a common 
r^sfcor without by-passing of the resistor or use of plate circuit 
<^okes (as shown in Fig. 23-7) without danger of oscillation. The 
s^e is true for the screen-grid circuits, as shown. This circuit 
^ra^mnmt, which is shown here for the ^'plate^' as well as for 
the circuits is used in. many commercial receivers. 




OH. XXIII OBSCURE RECEIVER TROUBLES 


617 


23" 12. Miscellaneous Causes of Oscillation. — All of the 
foregoing causes for oscillation in receivers are troubles which 
may develop in receivers which were once in good operating con- 
dition. It was pointed out in detail that open-circuited or leaky 
by-pass condensers are a common source of this trouble. But 
there are causes of oscillation other than those originating in 
the de-coupling filter circuits. Excessive plate or screen voltages 
will cause oscillation, but they can be detected by the usual 
voltage analysis of the receiver- Some of the very old t-r-f re- 
ceivers use fixed resistors of about 1,000 ohms (called suppress- 
ors) in series with the grid leads of the r-f tubes. A short-cir- 
cuited resistor of this type will cause oscillation, and cannot be 
detected by a voltage analysis. 

A very frequent cause of oscillation is the formation of high- 
resistance contacts in the grounding of shield cans and shielded 
leads. Inter-stage coupling is prevented in practically all mod- 
em receivers by shielding each transformer, tube and some of the 
high-potential leads.* After the receiver is used for awhile, the 
pressure of the shield cans against the chassis, or some sliding con- 
tact groxmd connection may become poor, thus reducing the 
shielding effect. This causes oscillation 1 

When a service man wires in a new r-f or i-f transformer to 
replace a faulty one, he may alter the positions of some 
wires sufficiently to cause coupling to take place between the wir- 
ing of the receiver. A good rule to remember here is to place all 
leads differing in high-frequency potential as far apart as pos- 
sible. Leads differing in d-c potential do not matter, so long 
as they are properly by-passed to groimd. 

23-13. ^*Image Interference” in Superheterodynes. — ^Any 
of the r-f amplifier troubles outlined in Art. 23-9 may occur 
in the pre-selector circuits of superheterodynes. However, 
there are instances where station interference troubles in super- 
heterodynes cause them to act exactly as if they were 
oscillating. The service man must leam to differentiate between 
this “interference” condition and the condition of “oscillation”. 

First of all^ any signal which is able to “heat” with the re- 

*Note: In metal-tiibe receivers, the metal envelopes of the tubes 
themselves act as the shields. 
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the interfering signal is always one whose frequency is equal 
to that of the desired signal plus twice the numerical value of 
the i-‘f of the receiver — for tMs type of interference, and for xe- 
ceiyers in which the oscillator frequency is higher than that of 
the desired station. This is a distinguishing characteristic of 
this type of interference. In receivers employing an oscillator 
frequency which is always lower than that of the desired sig- 
nal, the same kind of interference may occur, but in this case the 
frequency of the interfering signal is equal to the frequency of 
the desired station minus twice the numerical value of the i-f. 
Of course t-r-f receivers employing short-wave converters are 
also subject to this form of interference. 

The frequency of the interfering* signal, which can be received 
when the receiver dial is set for reception of the desired signal, 
is called the image frequency of the desired signal. This type 
of interference is called image interference. 

Further details concerning ^^image interference” in connection 
with allrwave receivers will be discussed in Chapter XXVIII. 

The reader has probably wondered by this time why no men- 
tion has been made of the sharply-tuned circuits or r-f (pre- 
selector) stages which are incorporated ahead of the mixer tube 
of most superheterodynes so that the interfering image-frequency 
signals might be prevented from getting through to the mixer 
tube where they beat with the oscillator signal. Such pre-selector 
circuits are employed, hut, before considering them in detail, we 
shall point out another trouble which arises in superheterodynes 
— ^a trouble which is also inininihsed by the use of a pre-sel^tof 
stage ahead of the mixer* tube. (The tests and remedies for image- 
frequency interference will be discussed in Arts. 23-16, 25-9 and 
25-21 to 25-23) . . 

23-14. ‘‘Double-Spot” Reception in Superheterod 3 mes.— 
Another trouble peculiar to superheterodyne receivers, one whose 
fundamental cause lies in image interference, is that of double- 
spot reception, i.e., reception in which the signal of a station can 
be tuned in at two points on the tuning dial. 

This trouble has always been a nuisance in old superheterodyne 
receivers which employ a separate oscillator control, for, in these 
receivers, several adjustments of the oscillator dial setting will pro- 
vide heterodyning frequencies whi(^ when mixed with the desired 
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the interfering signal is always one whose frequency is equal 
to that of the desired signal 'plus twice the numerical value of 
the i-'f of the receiver — for this type of interference, and for re- 
ceivers in which the oscillator frequency is higher than that of 
the desired station. This is a distinguishing characteristic of 
this type of interference. In receivers employing an oscillator 
frequency which is always lower than that of the desired sig- 
nal, the same kind of interference may occur, but in this case the 
frequency of the interfering signal is equal to the frequency of 
the desired station minus twice the numerical value of the i-f. 
Of course t-r-f receivers employing short-wave converters are 
also subject to this form of interference. 

The frequency of the interfering signal, which can be received 
when the receiver dial is set for reception of the desired signal, 
is called the image frequency of the desired signal. This type 
of interference is called image interference. 

Further details concerning ''image interference'^ in connection 
with albwave receivers will be discussed in Chapter XXVIII. 

The reader has probably wondered by this time why no men- 
tion has been made of the sharply-timed circuits or r-f (pre- 
selector) stages which are incorporated ahead of the mixer tube 
of most superheterodynes so that the interfering image-frequency 
signals might be prevented from getting through to the mixer 
tube where they beat with the oscillator signal. Such pre-selector 
circuits are employed, but, before considering them in detail, we 
shall point out another trouble which arises in superheterodyne 
— trouble which is also minimized by the use of a pre-sel^tor 
stage ahead of the mixer tube. (The tests and remedies for image- 
frequency interference wdll be discussed in Arts. 23-16, 25-9 and 
25-21 to 25-23) . ^ 

23-14. "Double-Spot’’ Reception in Superheterodynes. — 
Another trouble peculiar to superheterodyne receivers, one whose 
fundamental cause lies in image interference, is that of double- 
spot reception, i^e., reception in which the signal of a station can 
be tuned in at two points on the tuning dial. 

? :TMs trouble has always been a maisaace in old superheterodyne 
receivers which ^nploy a separate oscillator control for, in these 
receivers, several adjustments of the oscillator dial setting will pro- 
vide heterodyning frequencies which, when mixed with the desired 



620 


MODERN RADIO SERVICINO 


CH. XXIIIi 


carrier, will produce the correct i-f beat for the receiver. Since noth- 
ing can be done about this condition in these receivers, they will not 
be considered here. We are interested here simply in modern 
single-control superheterodynes in which double-spot reception ap- 
pears. 

It is apparent from the discussion regarding image frequency- 
interference (Art. 23-13) that in the particular case considered 
the 1,450 kc signal will be heard in this particular receiver for 
two settings of the tuning dial — at the 550 kc setting 
(where it appears as an interfering ^‘image frequency and again 
when the receiver is tuned to 1,450 kc (where it appears as the 
desired signal). This is illustrated in Fig. 23-9. Consequently^ 
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rm. — ^Double-spot tuning caused by image interference. 

kc station will be heard both when the receiver dial is set 
to 5^50 kc reception (A), and also when it is set for 1,460 kc recep- 
- P beats with the oscillator frequency to produce an 

i-x cu 460 kc in both cases. 


dee tio the image frequency trouble in this receiver, we also have 
doiible-apot reception. Of course there are two conditions in. 
which the 1,450 kc signal may appear. If there happenejd to be 
a 550 kc station broadcasting at the time, and it was receivable 
by the receiver, it would appear together with the 1,460 kc signal 
when the receiver dial was at the 550 kc setting. The result in. 
tiiis case might be squealing, whistling, or the modulation of both 
staticms appearing as “hash” at the loudspeaker. If it so hap- 
pened that no 560 kc signal were being received, the program of 
the 1,450 kc station would be heard clearly at both the 650 and 
1,450 ke settings of tke tuning dial. 

It is important to notice here that the double-spot reception 
pomte on the tuning dial are always separated by tivice the 
nam^al value of ^e i-f employed in the receiver. Obviously,. 

that wai cure Ihe image-interference condition, will 
also efliminate *c double-spot reception due to this cause. Rem- 
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edies will be discussed in Arts. 23-16, 25-21 and 25-23. 

Beside the foregoing cause for double-spot reception, there 
are other causes which should be kept in mind. Most oscillators 
generate harmonic frequencies (see Arts. 16-18 to 15-21), and 
the oscillators used in superheterodyne receivers are not im- 
mune to this condition- Thus, suppose we consider the case of 
the same superheterodyne receiver discussed in Art- 23-13. It 
employs a 450 kc i-f amplifier, the tuning dial is set for the 
reception of a 550 kc station signal, and the local oscillator is of 
course operating at 1,000 kc. In addition to the 1,000-cycle fun- 
damental frequency, the oscillator may be generating harmonics 
of 2,000, 3,000, etc., kc. Now it is possible for a strong broad- 
cast signal of the proper frequency to beat with a sufficiently 
strong harmonic of the oscillator and produce a beat equal to 
the i-f used. In our case, signals from a 550 kc and a 1,450 kc 
station might both beat with the 1,000 kc signal of the oscilla- 
tor, and the signals from a 2,450 kc station and a 1,550 kc station 
might both beat with the 2,000-kc second harmonic of our 1,000- 
kc oscillator — all to produce a 460-kc beat. The signal circuit, 
however, is timed to 550 kc. Therefore under this condition, 
four stations might be received simultaneously when the receiver 
dial is set for 550 kc reception, and repeat-tuning could also 
occur. It is again obvious that it is impoitant to have efficient 
tuned (pre-selector) circuits ahead of the mixer tube to discrim- 
inate against such stations. Good shielding, and sharp r-f tuning 
aid in preventing the signals of these imwanted stations from 
getting through to the mixer tube. 

In the same way, harmonics of broadcast stations may beat 
with the fundamental or harmonies of the set oscillator to pro- 
duce the necessary i-f heat for reception. While this is some- 
whatruncommon in the broadcast band, it is a very common oc- 
currence on the short-wave bands. 

23-15. Band-Pass and Rejector Pre-Selector Circuits for 
Image Interference and Double- Spot Tuning Rliminatioix.— 
It is evident that both the image interference and double-spot 
tuning troubles could be eliminated if onl^ the inconoung signal 
which it is desired to receive were allowed to get through to the 
mixer stage, and the signals of all other stations were blocked 
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out before they reached this stage. This calls for one or more 
swective tuning circuits ahead of the mixer stage — we-selector 
^cuits. Some receiver designers provide this selectivity by us 
ing one or more t-r-f stages ahead of the mixer; others include 
some form of band-pass circuit, somewhat as shown in Tig 
23-10. This type of circuit consists, of the antenna coil L 
coupled to a secondary X,, which is tuned by a condenser C 
through a large fixed capacity C,. L, is then coupled to a second 
secondary X, which is tuned by condenser Cj through a fixed 

Pig. 23-10. — Band- 
pass input circuit for 
increasing the selec- 
ti-rity of the r-f pre- 
selector of a super- 
heterodyne in order 
to reduce image-fre- 
quency interference ) 
and double-spot tun- 
ing. 



«^»acity C,. The coupling between L, and L, is such as to 
^ja band with of approximately 10 kc, the sides of the seleL 
^S^m so that interference from stations 

^ frequency of the tuned circuits is 

as much as 50% 

^ p Upon ttie degree of selectivity provided) of the n.n 

tei^^^al voltage is losh-^acrificed for 

^ T"*, “ “■ 

dial sedting, but when the te..- ^ normal receiver tuning 

m. again) (see Fig 23-9) fh^ • station might be tuned 
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is produced when the receiver is tuned to a ^‘double-spot” point, 
the receiver being supplied with the proper double-spot fre- 
quency signal by a test oscillator. For example, if the i-f of 
the receiver is 450 kc, a test oscillator is first set to 
supply a 1,450 kc signal to the receiver, and the rejector circuit 
trimmer is adjusted for minimum response with the receiver 
tuned to 550 kc, the double-spot point of the 1,450 kc signal 
(see Arts. 2S5— 22 and 25—23) . 

23-16. Eliminating Image Interference and Double-Spot 
Tuning. — ^In all service work connected with these troubles in 
superheterodyne receivers, the following must be kept clearly in 
mind: 

Any signal which heats with the receiver oscillator outpvt 
to produce a resultant signal whose frequency is equal to that 
of the i-f amplifier, will be amplified by the receiver, and will 
he heard if it is strong enough. 

The problem'^ lies in keeping the interfering signals from 
reaching the mixer tube. It is the purpose of the timed pre- 
selector circuits ahead of the mixer tube to reject all signals ex- 
cept the one corresponding to the frequency for which the receiver 
tuning control is set. The possible reasons for failure to block 
out these interfering signals in modem receivers are: 

1. Excessively strong interfering signal. 

2. Incorrect adjustment of “image frequency” band-pass 
or rejector circuit trimmers — or defective circuits. 

3« Insufficient selectivity in the pre-selector stages. 

4. Incorrect trimmer adjustmentB on i-f transformers. 

5. Incorrect tracking of r-f, oscillator and mixer circuit 
tuning condensers. 

6. Possible coupling betwemi the antenna or ground lead . 
and the mixer or oscillator circuits. 

7. Imperfect shielding of the r-f, mixer and oscillator cir- 
cuits. 

8. Excessive control-grid bias on r-f and mixer tubes. 

If the interfering signal is excessively strong, it may get 
through the pre-selector stages with sufficient strength to cause 
iiUsage interference and double-spot tuning even though all ad- 
justments in the receiver are set correctly. In the case where 
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some one strong interfering local station is troublesome, a fixed 
or semi-adjustable trap circuit timed to its frequency may be 
added to the receiver (see Art. 23-17) . 


If the selectivity of the pre-selector stages is insufficient due 
to their design, or because their trimmers are not adjusted prop- 
erly, the interfering signals will not be blocked out and hence 
■will reach the mixer tube. Interference will result I Likewise, if 
&e i-f transformers are not all “peaked” at the same frequency, 
interference will result. If the two peaks of poorly adjus'ted i-f 
stagjes differ by, say, 20 kc, it is entirely possible to receive two 
stations at once, since each transformer responds strongly to a 
different i-f. Naturally, either of these troubles must be cor- 
rected by re-aligning the tuned stages (see Art. 25-18) . 

Double-spot reception may also occur when the oscillator 
st^e in the receiver is not tracking correctly with the r-f and 
mixer circuits. The repeat points, in this case, will usually be 
separated by not more than 50 kc or so, and all that is neces- 
sary is to re-align these circuits to secure proper tracking (see 
Arts. 25-13, 25-14 and 25-16). 


If any stray coupling exists between the antenna or ground 
lead and the mixer or oscillator circuit, interfering signals will 
g^ t^ugh. Of course, all shielding between the various stages 
mould be well grounded and in perfect condition. High-resist- 
ance contacts in the shielding reduces its effectiveness. If a pre- 
sdector circuit is not incorporated in the receiver, it may be pos- 
able to reduce or eliminate repeat points by completely shield- 
ing ae receiver so that none other than the desired carrier can 
pass mto ^e receiver, and that only through the “input” of the 
r^ver If the bottom of the chassis is not shielded, a ground- 
ed metal plate should be installed. Shielding the top of the 
^^s with another grounded metal plate, so as to shield the 
variable ^nd^er sections and the control-grid caps of the 
asreen gnd tubes, is also of much assistance. 

At toes, it is an extremely difficult matter to tell whether a 

be determ^«^w^°*i^ whistles or squeals should 

• attempting a remedy, since the audible 

effiecte for to various causes may be very similar. Oscillation 
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in the r-f or i-f stages gives rise to ^'birdies/’ or ''squeals/' that 
^souiid exactly like the beating of two carriers. This results 
when "image” interference is present. The service man must 
learn to differentiate between this "interference” condition and 
^he condition of "oscillation/' for the causes and the remedies 
for both are different. One practical test to find out whether a 
whistling, squealing condition is caused by image interference, 
or by oscillation, is to disconnect the antenna wire from the re- 
•ceiver while this action is observed, and listen to the program. 
If it now comes through clearly, the program heard is undoubted- 
ly that of the strong interfering station, and the squeal or whistle 
heard with the antenna connected to the receiver is due to "in- 
terference” and not to "oscillation”. A further check can be 
made by setting the timing dial quickly to the frequency setting 
of the interfering station (whose frequency will be equal to the 
frequency of the desired station plus twice the numerical value 
of the i-f employed in the receiver). The program heard now 
should be the same one heard before when the antenna was dis- 
connected from the receiver. 

^ Another test consists of timing the receiver to different points 
within its tuning range and listening. If squeals are heard over 
a certain portion of the tuning range — or over all of it — the 
receiver is very likely oscillating. If squeals are heard only 
at one or two points, they may be attributed to some form of 
interference. 

Many commercial receivers employ some form of special 
•double-spot suppression circuit in the pre-selector. This type 
of circuit and the correct method of adjusting it are explained 
in Arts. 25-21, 25-22 and 25-23 of Chapter XXY. 

23-17. "Code” Interference in Superheterodynes. — ^A com- 
plaint frequently encountered with superheterod 3 me receivers is 
that of "code” interference. This type of interference origin- 
ates principally from Airway and Coast Guard Beacon stations, 
which operate on frequencies between 260 and 320 kc, and com- 
mercial transmitters in the vicinity, all operating in the i-f band 
of certain receivers. The trouble may appear only at the low- 
frequency end of liie broadcast scale or it may be heard over 
the enMre bandy regardless of llie tuning-dial setting. In thq first 
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instance, the interference may be reduced or entirely eliminated 
through the use of a wave trap, tuned to the frequency of the 
interfering signal, as shown at (A) of Fig. 23-H, inserted in 
the antenna circuit. Of course, it is imperative that the lead 
from the wave trap to the receiver be shielded, and the shield 
grounded. In place of a trap circuit, some receivers already in- 
corporate an acceptor circuit composed of an inductance and 
a semi-fixed condenser connected in series across the antenna 
MKi ground circuits, as shown at (B). The acceptor circuit pre- 
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in other words, it is not prominent at any one portion of the 
band, denoting that the interference is being picked up by the i-f 
amplifier. The interference may be entering the receiver direct- 
ly through the i-f amplifier, due to inadequate or faulty shield- 
ing of the i-f coils and tubes, or through the power line, some of 
the wires of which are in close proximity to the i-f amplifier wir- 
ing in the receiver. In other cases, the trouble may be traced 
to the lead between the antenna b indin g post and antenna coil, 
the wave-band switch, or the volume control, which runs ad- 
jacent or parallel to some i-f amplifier wiring. Altering the posi- 
tion of the lead, or replacing it with a length of shielded cable 
is usually sufficient to eliminate the trouble. On several occa- 
sions, though, thorough shielding of some of the i-f amplifier 
leads is absolutely necessary. 

Pickup by the power lines, and consequently by the i-f am- 
plifier leads, is remedied in like manner. Isolate the power line, 
line switch, and power transformer primary leads from the i-f 
amplifier by altering their position. The usual line-filter device 
has been found to be of no help in eliminating code interference. 

Direct pickup by the i-f amplifier presents a more difficult 
situation. It is most important that the coils and tubes as well 
as the control-grid leads be completely shielded- When it is 
found that a shielding plate for the bottom of the chassis is lack- 
ing, one should be supplied. In many cases, it is necessary to 
shield the entire top of the chassis with a grounded metal plate, 
cut to size and shape, to eliminate direct pickup by the i-f am- 
plifier. Most of the more recent superheterodyne receivers em- 
ploy intermediate frequencies between 450 and 485 kc. This 
range lies within the transmitting frequencies of commercial 
code stations. For this reason a wave trap is employed in the 
antenna circuit, tuned to the frequency of the i-f amplifier, 
to prevent interfering signals of this frequency from entering 
the receiver through the* antenna circuit. When this provision 
does not suffice, after it has be^ definitely ascertained that the 
wfive trap is correctly tuned, an acceptor circuit, (JB) of Fig. 
23-11, should be tried across the antenna and ground, as prev- 
iously explained. This should be tuned to the specified i-f of the 
particular receiver, which of course must be known. 
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In order to determine just which part of the receiver is re 
sponsible for code interference reception, the antenna lead may be 
disconnected from the receiver and the antenna post short-cir- 
cuited to chassis with a short jumper. This procedure will im- 
mediately rule out pickup of code signals by the antenna lead as 
a possible source of trouble. If it still persists, all shielding in 
Ure receiver should be checked. In general, code interference 
over the entire band is due to direct pickup by the i-f amplifier 
because of inadequate or faulty shielding. Faulty shielding may 
be caused by shield cans or housings which have become loose 
&om the chassis or have become corroded at their contact sur- 
faces, etc. 


23-18. Causes of Modulation Hum. — Surprising as it may 
seem, h^ currents can be generated in r-f or i-f circuits. The 
hum” M used here does not include low-frequency os- 
cd^teo^ or the residual hum left by inadequate power supply 
unit filtera; it means only a hum which is really the low-irequen- 
cy mc^twn, at Ihe supply-line frequency, of a received sig- 
^ This fom of hum is present only when a carrier wave is 
m, K faovm as modulated hum, modulation hum, 
W Modulation hum may be due to several causes: 

. The a-c leads supplying filament voltage may be too close 
to ^pMer ^d wires. This proximity inducts a nZ 

ri® frequency). This modulates Iny car- 

tot to^ received. The output may be rectified in 

Itself m ^y cases and passed on to the following 
stege— but only when a station is tuned in. With no station^ 
of course toe r-f or i-f transformers cannot 0^;^ toanS 
^ of a frequency of 60 cycles when they are^signTd to 
or 

of varying fields surrounding the filaments or cathodes 

w T “Side the tube vary- 

jri ewai in s mmtairri<i »* fod^e oscillator beats against a 
■Hgnai m a peotagnd eonverter tube. This form of hum must 
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be eliminated by the designer, not by the service man, but it is 
mentioned here to acquaint the service man with something that 
may exist and not be his fault at all. 

(3) Inadequate by-passing is another item that can cause 
modulation hum. If the by-pass condensers are too small, the 
potential of the terminals to which they connect may fluctuate 
at the supply-line frequency because of induction, and modulate 
the carrier of a station being received. 

(4) Modulation hum may also be caused by open-circuited 
line-bufler condensers, leakage between the cathode and heater 
of indirect-heater type tubes, and an open-circuited power de- 
tector cathode by-pass condenser. 

(5) Modulation hum may frequently be caused in small Uni- 
versal a-c — d-c receivers by power lines which carry the signal 
voltage into the rectifier tube. Here, the signal voltage is mod- 
ulated with the rectified a-c hum-voltage, and then either re- 
radiated to the antenna or to other circuits in the receiver. This 
trouble can usually be remedied by either connecting a 0.06 to 
0.25 mfd. condenser across the power line, or connecting a 0.001 
mfd. to 0,25 mfd. condenser from one side of the line to ground. 
Another remedy is to connect a 0.001 to 0.1 mfd. mica conden- 
ser from each rectifier tube plate to the rectifier filament. When 
tunable hum is present in receivers which already contain line 
by-pass condensers, it may be cured by increasing the size of 
these condensers. 

Causes (1), (3), (4) and (5) can be minimized, or elimin- 
ated, by the service man, Bemoval of the arC leads from the 
vicinity of the grid leads will reduce modulation hum due to 
cause (1). Often, nothing but the use of a power transformer 
having a static shield (see Fig* 30-22 in Chapter XXX) between 
the primary and secondary windings will cure modulation hum. 

In the case of cause (2) , present tubes are designed to reduce 
this trouble greatly. However, in receivers where the heaters or 
filaments are operated in series, a rearrangement of the heater 
sequence may reduce the hum. The heaters of the more critical 
tubes should be nearest the side of the line to which the nega- 
tive plate supply is connected. Usually the second detector is 
the .most critical, then the mixer (first detector), then the out- 
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put tube. Their heaters should be arranged in that order with 
respect to the negative side of the line. The heater of the recti^ 
her should be next to the ballast resistor which is connected to 
the high side of the line. 

In sets employing a voltage-doubler arrangement, the heaters 5 
of the most critical tubes should be connected to the side of the 
line terminating between the condensers of the doubler. Also, I 
if the speaker is used as a filter choke it should be placed in the | 
negative side at the B supply to reduce the potential difference | 
between the cathodes and heaters. 

In many instances, it is good practice to reduce the antenna 
length to the minimum size required by the receiver and its 
location. Too long an antenna system results in too much signal 
pickup, and too much signal strength in a sensitive receiver may 
cause certain tubes of the i-f amplifier to detect, resulting in 
“.bi^dies^^ A small series condenser in the antenna lead, or 
shortening of the aerial wire itself, is sufficient to eliminate this 
in most cases. Modern receivers use variable-mu tubes in the r-f 
and i-f amplifiers. One of the features of these tubes is that 
they do not detect (normally) . Now, if such a tube is used in 
an r-f or i-f amplifier, any voltage applied to its grid will not 
be detected, and hence will not appear rectified in the plate cir- 
curk However, tubes of the same type number may differ as 
to Aaracteristics, so that, if a modem receiver suffers from mod- 
ulation hum, it is a good idea to try several new tubes before 
attempting to look further. Even though each tube tests normal 
in a tester, because of manufacturing tolerances the shape ol 
file characteristic may be favorable for detection. • 

23-19. Common Causes and Remedies for Excessive Steady 
Hum in Receivers- — One commdn receiver complaint which the 
radio service man is called upon to rectify, and which is al- 
most always due to obscure troubles, is excessive, steady hum. 
The cause of this hum is often difficult to trace and locate. 

We are inter^tted here only in the presence of excessive, 
steady hum which has developed in a receiver an appreciable 
time after its purchase and, which is not affected by tuning the 
receiver. Of course it is assumed that all the tubes in the re- 
cover have been tested and found satisfactory, and that all op- 
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erating voltages have been checked and found to be correct. 
The common obscure causes of such hum will now be considered: 

(1) Every experienced service man knows that in the majority 
of cases, excessive hum originates in the power pack and is caused 
by an open-circuited filter condenser, by one that has lost its 
effective capacity, by a short-circuited filter choke, or by a com- 
bination of these troubles. 

Because of their design, filter condensers of the electrolytic 
type are more susceptible to these troubles than are those of the 
paper-dielectric type. Drying out of the electrolyte, excessive 
heat, and momentary voltage overloads caused by the removal 
of one or both of the power' tubes while the receiver is oper- 



Eig. 23-12. — ^How a center-tapped filament resistor may become 
'*open” thus upsetting the electrically-neutral condition of the center- 
tap and causing hum. 

\ 

ating are some of the reasons why electrolytic condensers lose 
their effective capacity and produce hum. Of course, the remedy 
for tMs is to locate and replace the faulty unit (see Arts. 22-33 
to 22-36, and Art. 26-12). 

(2) In other cases, a loud hum will result if one side of a 
center-tapped filament resistor, R, in the circuit (Fig. 23-12) 
becomes open-circuited. The existence of this open section will 
not be revealed by the usual voltage-current analysis of the set, 
for every circuit is still complete and every voltage and current 
reading will be correct. When such a defect is suspected, it is 
necessary to t^ the center-tapped resistor in question with an 
ohmmeter. The remedy, of course, is to replace the unit with 
a siinilar one. Since some receivers use a potentiometer instead of 
a &ed center-tapped resistor in order to obtain the exact elec- 
trioal cent^ of the filam^t secondary, the position of this po- 
tentiometer arm may have been disturbed, thus causing the fila- 
ment secondary to become imbalanced, resulting in hum. These 
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units are called hum controls, and are easily accessible for pur- 
poses of adjustment without disturbing the receiver chassis. Of 
course, they should be adjiosted with the receiver turned on but 
with no station tuned in. 


(3) Hum is frequently caused by a faulty tube that may test 
perfectly in any type of tube checker. Generally these defective 
tubes are of the indirect-heater type, and the hum is due to poor 
insulation between the heater and the cathode of the tube, re- 
sulting in leakage from the heater to the cathode. The insula- 
tion may not be poor enough to show up definitely in the usual 
cathode-heater leakage test of the tube checker (see Art. 8-20) . 
Insufficient heater-cathode insulation may also cause serious cases 
of modulation hum which does not.respond to the usual remedies. 
This is more likely to occm in a-c — d-c receivers because of the 
hi^er potential between the heater and cathode in most of these 
receivers. When tubes with this defect are used in audio-fre- 
^^cy or detector stages, the hum will be more pronounced, for 
it is amplified by the a-f amplifier of the receiver. When a 
scre«i-grid tube is employed as a detector, care should be ex- 
arched in choosing one, since in many receivers this stage is very 
csn^cal regarding the generation of hum. 

(4) A low-emission or “gassy” rectifier tube is often the cause 
of eJMessive hum. This may easUy be detected, however, since 
all plate and gnd voltages will be lower than normal. Very of- 
ten, a hum that develops and increases in intensity after the 
receiver is operating for ten minutes or more may be caused by 
a poca: 47 iype pentode tube^ In some instances, the same con- 
mtion wiU agam develop even after several tubes of this type 
tove been replaced. This condition may be remedied by reduc- 
m^e value of the grid resistor in the grid circuit of the pentode 


(5) A not mfrequent cause of steady hum is that due to a de- 
^ of mductance of the filter chokes in the power supply. 

® short-circuited or partially short- 
choke coil, or to some change in the size of the air- 
m the choke core, which is employed to maintain a high in- 
ey^ tooi^ d-c current flows through the chokl If 
fhe d-c resistance of a filter choke is measured with an ohm- 
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meter and found to be correct, its filtering ability may be de- 
ermmed by short-circuitmg its tehninals with a short length of 
wire while the receiver is in operation but not tuned to a broad- 
ens s a ion. t is likely that a closed air gap exists if very little 
mcrease in the hum is noted when this simple test is made. 

(6) In ma,ny cases, hum may be traced to a short-circuited 
or open-circuited “tuning” condenser, C, connected across the 
filter choke, as shown at (A) of Fig. 23-13. This condenser is 
to resomte the choke to a certain frequency. A great many 
Phileo, Bosch, Majestic, General Motors, RCA Victor, etc. re- 
ceivers employ this method of filtering. When the condenser 
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^ ^ ^ FIELD 

.denser C to tune the chok& 

of hum in these circuits are ^c4efkThe tS?'^“^ 

short-ciremte, the choke cofi is rendered entirely ineffective, 
and a loud hum will result. An open-circuited condenser, how- 
ever, will raise the “pitch” of the hum and make it more appar- 

A few other receivers utilize a tapped filter choke, usually in 
conj^ction with another choke which may be the speaker field 
as shown at (R). The increased filtering which this provides, is 
due to the neutoalizing effect of the alternating current through 
the condenser C and part L, of the choke, on that through L, A 
strong hum encountered in receivers using this type of filter 
sy^em IS fr^uently caused by the open-circuiting or buming- 
o^ of Bi. This, m effect, mot only rendws the system inoper- 
ative, but ^so disconnects the filter condenser C. 

(7) Objectionable hum may also be caused by loose lamin- 
ations m the core of a power transformer or filter choke. Any 



6S4 MODEEN RADIO SERVICING CH. XXIH 

excessive vibration of these loose laminations can be detected 
by feeling the core with the hand, or touching it with a screw- 
driver. it may be eliminaj^ usually by tightening the core* 
clamping screws. In severe cases, the imit should be removed 
from the receiver, and allowed to stand for a sufficient time in 
a pot of impregnating compound which is molten but not too i 
hot. The molten compound will run in and fill up the spaces'! 
between the laminations, thus preventing their vibration. Very ;}| 
often, the insertion of thin strips of cardboard or stiff paper 
between the loose Jaminations is sufficient to stop their vibra-r 
tion and the hum. 

(8) Another cause of steady hum which is not common in 
commercial receivers, but which is very troublesome when it m 
encountered, due to the fact that the usual hum remedies do 
not have any effect on it, is that of magnetic coupling or interi 
action betweai the power transformer (or a filter choke) anil 
an audio transformer in the receiver — especially a first-stag# 
audio transformer. The stray varying magnetic field of the 
power^ tpnsformer or choke induces an alternating voltage ih? 
Mie windm^ of the audio transformer. This voltage is ampli^f 
fied greatly by the audio amplifier and appears as a low-pitchedi 
hum in the loud speaker. | 

To t^t for this type of hum, disconnect the leads which ar^^ 
normally connected to the primary of the audio transformer 
Connect, temporarily, a resistance of about 10,000 ohms acrosi 
these primary terminals. Join together the two leads originallj 
connected to the primary of the transformer so that the plate 
curr^t may still flow through the tube, and thus avoid any ap- 
pitiable disturbance of the normal voltage and current dis- 
«bution throu^out the set. If the hum still persists but dis- 
^pears when the audio transformer secondary is short-circuited, 
it is quite certain that magnetic interaction is responsible for 
the hum. 

la order to cure this condition, disconnect the filter choke 
^ ree^Y® and place it a few feet from the set tempor- 
^3^ remove its effect; then wire it into the circuit normally 
^ WI& loBfir leads. TOth the 10,000-ohm resistance still across 
«te primary and ttm sec^mdary connected normally (but wiSi 
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long fleable leadsj, rotate the audio transformer slowly until 
the position for minimum hum is found. Remount it perma- 
nently in this position. Replace the filter choke in its original 
position. If the hum appears again, rotate the choke slightly 
until the hum is minimum. 

23-20. SystematicaUy Tracing Sources of Steady Hum. 

The first step in the elimination of steady hum is naturally that 
of tracing its source. Perhaps the most direct and effective 
way of locating the source of hum in a radio receiver is through 
the process of eliminating stage by stage from snspicion by con- 
ducting a stage-by-stage test. It is advisable to start this 
elimin^ttion process at the output end of the set rather than at 


Fig. 23-14. — How the 
output transformer secon- 
dary, or voice coil, should 
be shorted across points 
A-B to test for hum in the 
loud speaker. 


the input, as is usual when carrying out systematic tests for 
other faults. By ^^shorting^’ first the %nput and then the output 
of each stage successively, hum originating in any one stage can 
be isolated. Of course, before proceeding from one stage test to 
the next, all temporary short-circuits or other test alterations 
must be removed and all connections restored to normal. 

(1) If a dynamic type loud speaker is employed, its voice 
coil (or the secondary winding of its output transformer) should 
be short-circriited with a screw-driver or a short piece of wire 
as shown in Fig. 23-14, so that no signal can reach it. Any hum 
which may still be heard is due to ripple voltages in the speaker 
field, causing pulsating field magnetism. This may be caused by 
insufficient filtering of the current supplied to the field coil. If 
the speaker field is energbsed with filtered current from the B- 
supply of the receiver, the filter condensers, filter '^tuning'* con- 
denser (see Fig. 23-13) and filter chpkes should be checked (see 
Art. 26-31). If the speaker field is operated direct from the a-c 
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line in conjunction with a transformer, a rectifier, and a 
condenser, the rectifier or filter condenser may be the source r 
the trouble (see Arts. 26-29 and 26-30) Of course 

rf a» faulty 111 ou,e thi,. Other Lee. forTuLSd^j 

^eakers are discussed in Art. 26-34. On the other hand if 
h^is materially reduced or eliminated when the fore,^n**^ 
ehoi^circuit test is applied, it must be due to sornffaiuirihc 
reaver circuits proper and the trouble must be looked for Z ft 
balance of the receiver by making a stage-by-sLge Stl n 

a ^ 0 / as operating voltages are disLhed. 

Ihe short should be removed from the Rnpfllrsnt. • 

«d It* audio (output, .t.,. .houi" uo”'’bo“^L:r 
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part Of the ref^iver aheLTof^hfa « the 

the short'* test in: (A) a traTi«afAT-Tv,?-«' method of applymi? 

coupled, and (C) a push-pull output stag^^s® 

th^ec^dary of its input transformer, " 

receiver pfi^T^ZuZftl ^ of 

tite latter part is cut off from originating in 

pereists when this is f 4 . ui • , '^^naing. if the hum 

tu^ to insufficiently smooth ouS VrVmVhVs ^ 
system (which should be checked at oncVT . ^ 

hum causes outlined in Art 23-19 T « \lf 
or substitiitiQii of a better i, i condensers and/ 

the preceding rtege the Urid Iplv “ remrtanceujoupled to 
" “h LIu„XT;L nuty ue due 
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to an incorrectly located center-tap in the secondary of the 
push-pull input transformer. The grids of both tubes should be 
shorted to the center tap of the secondary winding, as shown at 
(C) of Tig. 23-15. If this causes a noticeable reduction in hum, 
the trouble is in a preceding stage. However, if the hum is still 
present, one or more of the parts or tubes in the output stage 
are at fault. 

(3) If the hum source has not yet been located, and the re- 
ceiver employs another a-f stage, the “shorting'^ wire from the 
output stage should be removed and the grid circuit of the first 
audio tube should be short-circuited. If this '^short’^ results in a 
marked decrease in hum, the hum is originating in one of the 
preceding stages. If not, the source of hum lies in this stage, 
and may be due to one of the causes outlined in Art. 23-19. All 
parts in it should then be tested. There is a possibility that the 
hum is caused by magnetic interaction between the a-f transfor- 
mer and the power transformer or one of the filter chokes in the 
receiver. To test for, and correct this condition, proceed in ac- 
cordance with the instructions given in Section (8) of Art. 23-19. 

(4) If the hum source has not yet been located, continue 
“shorting’’ the control-grids of all the preceding stages, in turn, 
until you come to a stage where no reduction of hum is noticed 
when the grid of the tube in that stage is shorted. The trouble 
causing the excessive hum then lies in this stage, and the hum 
causes listed in Art. 23-19 should be checked. 

If upon removing the detector grid short-circuit, when testing 
the det^tor stage, a relatively, high-pitched hum is heard, 
it is probably due to electrostatic pickup by the parts in 
the detector stage. If a high-pitched hum is obtained, try 
changing the location of the grid leak and condenser (if used) 
so that the leads are made shorter. It may even be necessary 
to shield these components in some cases. If a low-pitched hum 
is obtained, it indicates that additional smoothing for the B 
current supply to the r-f or i-f tubes is required. This may be 
supplied by the addition of extra filter condensers across these 
circuits. i 

By these tests, each stage, is successively short-circuited to 
isolate the source of the hum. * Once the faulty stage is deter- 
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mined, each component comprising that stage should be individ- 
ually tested, and the sources of hum outlined in Art 23 19 
should be s^pected and checked for. By-pass condensers may be 
shmted with similar-sized capacities or disconnected so that 
other units may be tried in their place. 

After carrying out these tests and applying the proper rem- 
edies, a normally silent background should be obtained. 

Receivers.— Of all the complaints 
mcounter^m radio servicing, one of the most difficult to solve 
m lhat of fadmg of signals. By fading is meant the gradual 
off of volume to a low level, with equally slow recovery ' 
foUowmg. This phenomenon repeats itself periodically at short ' 
While i. 1 

^pfaon it will be considered separately from the type of in- v 
term^ntr^eption which cuts on and off rather abruptly (Art. ' 

hifitb 5 ^ that we are not concerned J 

nal from the broadcasting station. That is not the fault of the « 

in cases where the automatic volume control I 
is not operating properly (see Chapter XIX) . | 

of a receiver that has developed a con '* 
ffifron of intermittot reception of any form is very difficult for 
^trouble may be caused by an obscure defect or faiSro fr 

open-drcmteinte^^atlyX^rbroak”^ condenser that 

various makes of 

i^tams the common Co.) is eictremely help- 
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poorly soldered connection in some circuit. Almost every case 
of fading requires its own plan of attack and solution, and that 
which may be said about one receiver may not be true about 
another. 

The best course of procedure is to place the receiver in op* 
crating condition. A broadcast station whose signal is known 
to be steady should then be tuned in. After this is done only 
one thing remains — ^wait for the fading to occur. 

Before any testing or trouble-shooting is done, every bit of 
available information that may assist matters should be ^^ex- 
tracted” from the owner of the receiver. A few of the prelimin- 
ary questions have already been mentioned in Art. 18-2. 
It may be found that the fading occurs when a light in the room 
is switched on or off, when someone walks across the room or 
closes ^ door, when a trolley car or a heavy automobile truck 
goes by, or when the receiver is turned off and on, etc. 

Reception that has faded out and that can be brought back 
by snapping the receiver switch off and on is usually caused by 
a leaky or intermittently open-circuited by-pass condenser which 
breaks down under load, vibration, or after the receiver has been 
operating for a short period of time. A faulty resistance ele- 
ment in a volume control may produce the same symptoms. The 
difficulty with locating trouble of this nature is that it may dis- 
appear as soon as the chassis is disturbed for the purpose of 
making a voltage or resistance check. 

One particular case is brought to mind in which a certain 
receiver would fade continually only when in its normal posi- 
tion, but as soon as any attempt was made to insert an analy- 
zer plug into one of the sockets or to connect a voltmeter across 
any two terminals, the signal would come in wdth normal volume, 
and no fading would occur again until the analyzer plug or volt- 
meter terminals were removed and the chassis turned upright. 
In some instances, fading' can be accentuated by pulling at the 
connecting wires of by-pass condensers or resistors. In these cases, 
locating the cause of trouble is comparatively simple. When fad- 
ing does not occur until after the receiver has been in operation 
for some time or until after the cha^ssis has been heated, the 

nnlv 1rtcyi/»n.T nrnrtAdiirA is tn tsst nacli and avftTV cnmnonent in the 
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reaeiver while it is warm. One simple method which may be em- 
ployed, is to focus am ordinary electric heater on the underside 
of the chassis, as shown in Fig. 23-16, to heat the components 
while they are being tested with the receiver turned off. An- 
other very effective method for accelerating the heating of all 
the parts mounted on the chassis, is to place the receiver in op- 
eration and then cover the entire chassis with a wooden box or 
corrugated paper carton to prevent circulation of air. This will 
cause the entire chassis to heat up quickly. 

An idea of how many different failures may cause fading 
may be obtained from an analysis of the results of observations 

Fig. 23-16. — Heating 
the underside of the re- 
ceiver chassis with an elec- 
tric heater (carefully) 
prior to making tests on 
individual components in 
cases where fading and 
intermittent reception are 
experienced. 

made on a particular model of receiver often af&ioted with fad- 
iag. In this partictilar model, different components were found 
to cause fading on many different occasions. The 0.1 mfd. audio 
coupling condenser was found to be the most frequent cause, 
as it opm-cirouited. The variable condenser stator plates were 
mounted on porcelain brackets. A sudden jolt would snap the 
poicelain, permitting the stator to shift with the least vibra- 
tion, causing fading. The r-f coil secondaries were wound very 
tightly, and extreme changes in temperature or excessive vibra- 
tion of the dynamic speaker would cause the coil terminals to 
snap at the lug. This would result in a make and break contact, 
causing fading. Numerous condensers in the r-f portion of the 
receiver would open-circuit or become leaky, producing the same 
symptom. It is evident that troubles of this kind can only be 
found by keen observation and attention to the smallest details 
which might pass unnoticed by the novice. Often, the observa- 
tion of any unusual effects accompanying the fading gives a clue 
to the source or type of trouble. 

Perhaps fading is caused most frequently by defective screen- 
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grid tubes. When these tubes are tested with the ordinary set 
analyzer, the difficulty is seldom disclosed; but if they are 
checked with a good a-c tube tester, poor ones will be revealed 
immediately (see Chapter VIII). 

Some receivers employ a type of r-f coupling system in which 
a choke in the plate circuit of the tube is coupled to the tuned 
secondary by a small coil consisting of a few turns moxmted at 
one end of the secondary (jPig. 23-1). Should these coupling coils 
become loose and ^ffioaU^ from side to side because of vibration, 
the coupling will vary and fading will result. In some few cases 
this winding is held in place by strips of friction tape which dry 
up and permit the coil to ''stray 

The various methods of testing individual components have 
been described in detail in Chapter XXII. The methods of 
^repairing them will be considered in Chapter XXVI. 

23-22. LfOcating Causes of Intermittent Reception. — ^By 
intermittent reception we mean reception in which the receiver 
cuts "on and ofi” abruptly and periodically. This may occur 
regularly or only occasionally, and at either long or short in- 
tervals. This t 3 rpe of trouble is closely related to that of fad- 
ing, (Art. 23-21). As with fading, intermittent reception may 
be due to a number of causes which are usually difficult to trace. 
The more common ones are; broken and poorly soldered con- 
nections, momentary short-circuihs and open-circuits (particu- 
larly in the by-pass and audio-coupling condensers) . Because 
of the nature of the trouble, the receiver may not exhibit its 
symptoms when the service man is present, or it may take a com- 
paratively long time for it to start. It is desirable in such 
cases, to hasten the start of the trouble in some way. This may 
be accomplished by setting the receiver up for operation, and 
striking each component and each tube sharply though care- 
fully. I/eads and connections should also he prodded with a 
blunt, insulated tool. A loose connection or loose element in a 
tube will very often be disclosed in this way. Heating the entire 
chassis quickly by either of the two methods described in Art. 
23-21 may also prove effective. 

Eaulty tubes, which may test satisfactorily in most tube 
checkers, are often the cause of intermittent reception. One 
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tube trouble which may cause this symptom is a broken heater 
in an indirect-heater typ6 tube. With a broken heater, it often 
happens that the two ends remain in contact so that no defect 
is revealed if the heater is tested for continuity. When the re- 
cover is switched on, the heater warms up and the set func- 
tions temporarily. However, when the heater has reached its 
full operating temperature, it has expanded to such a degree 
that the broken ends no longer make contact. This interrupts 
the heater current, the heater cools, the electron emission of the 
cathode decreases, and reception gradually ceases. As soon as 
the heater has cooled sufficiently, the ends again make contact, 
and current again flows, so that reception is again obtained. This 
cycle repeats itself indefinitely with the attendant intermittent 
interruption of the program. 

Heater-cathode insulation which has broken down is another 
defect which can be very troublesome, puzzling, and will lead to 
intemittent reception if the trouble is intermittent itself. A test 
of the heater-cathode insulation by means of an ohmmeter with 
the heater cold is of no value. It should be checked by means 
of the usual heater-cathode leakage test in a tube checker. 

The coil connections to each lug on r-f and i-f coils should 
be examined carefully (see Arts. 22-19 to 22-24). It is possible 
that the coil winding has contracted slightly, and, since r-f and 
oscillator coils are usually wound tightly, the coil leads may be 
snapped at the connecting lugs, making contact intermittently. 
The fact that the winding or lead is impregnated with wax does 
not imply that trouble does not exist there. It may be necessary 
to dig down into the moisture-proofing compound. Nothing 
should be taken for granted in looking for the trouble — the most 
insignificant detail may be the cause for intermittent operation, 

A number of receivers do not employ terminal strips for the 
many carbon resistors in them. In these receivers, the resistors 
are connected from one point to the other directly. If the pigtail 
of the resistor is too short to reach the connecting point, an addi- 
lead is soldered to the pigtail and the junction is insul- 
ated^ with a length of spaghetti or cambric tubing. This con- 
nection junction may often be the cause of intermittent recep- 
it is always best to push back the insulation and inspect 
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all connections. Vibration may also shift these resistors, and they 
may short-circuit to one another, to another component, or to 
the chassis. The various methods of testing individual resistors 
have been described in detail in Arts. 22-13 to 22-18. The meth- 
ods of repairing them will be considered in Arts. 26-2 and 26-3. 

A defect in the antenna system often results in intermittent 
reception. This is frequently due to some loose or corroded con- 
nection in the lead-in, either at the aerial or at the window 
lead-in strip. In some cases, an intermittently shorted lightning 
arrester may produce the same symptoms. 

In receivers employing avc, the action of the avc will tend 
to level out increases or decreases in signal strength to some de- 
gree if fading or intermittent reception is caused by some de- 
fect in the antenna or r-f part of the receiver. 

When fading or intermittent reception is encoimtered in a 
receiver employing a tuning meter, shadowgraph, or other re- 
sonance indicator, these devices may also serve to determine 
whether the condition is caused by a trouble in the r-f or the a-f 
portion of the receiver. If the audio amplifier is at fault, the 
tuning meter or shadowgrajih will show no variation in reading. 
Should the trouble lie in the r-f circuits, it will almost invari- 
ably be disclosed by a varying reading of the indicator which will 
change in unisdn with the fading or intermittent reception. 

23-23. Locating^ Causes of ‘^Distortion”. — Despite the de- 
velopment of extremely sensitive superheterodynes of the broad- 
cast and all-wave type which are capable of picking up signals 
from great distances, the average set owner, on the whole, de- 
mands little more than good quality from local stations. To 
meet this requirement many set manufacturers design their re- 
ceivers with anti-overload and “non-oscillating” circuits, and 
furnish them with tubes capable of handling large amounts of 
power without distortion, 'Die problem of localizing the cause 
of distortion in such a receiver is indeed a difficult one. 

In Boost cases, distorMon is due to weak tubes, especially in 
the output stage, and the presence of a “gassy” tube helps to 
aggravate the Condition. Should the bias-resistor by-pass con- 
denser or any of the coupling units become leaky, the same 
trouble will result, especially if the leakage is appreciable. 



644 


MODERN" RADIO SERVICING 


CH. XXIII 


At other times, when the voice coil of the dynamic reproducer 
is out of alignment, when the paper parchment cone loses its 
^'stiffness^’ or “body,^^ or when the cone spider snaps (see Arts. 
26-36 to 26-42) , the receiver cannot deliver as much sound energy 
in undistorted form. Loose or rattling components in the re- 
ceiver proper will also cause disturbances which interfere with 
good quality of reproduction. 

In other instances, voltage divider systems of the carbon 
resistor type may change in value, thus upsetting the electrical 
balance of the receiver and producing distortion. This condi- 
tion, however, is evidenced by variation of the normal voltages 
applied to the tubes, which may be readily determined by the 
use of a set analyzer or a point to point tester. When the re- 
ceiver is incorrectly aligned, especially in the case of superhet- 
erodynes, a certain amount of distortion that is due to the cutting 
of side bands may be introduced. Distortion may also be due 
to an output stage grid resistor which is faulty, or whose value 
is too high. Similarly, if the output power stage is operating with 
le^-than-normal grid bias, or with none at all, distorted repro- 
duction will result. 

- Modem multiple-unit tubes present a special problem witll 
reference to distortion. It is not uncommon for one-half of a 
multi-umt tube to fail before the other. The result is that the 
receiver may, or may not, continue to function. If it does, dis- 
tK)rtion may appear. It is well, therefore, to test each unit of such 
a tube separately. The diode sections of duo-diode-triodes do 
not usually cause much trouble, but it is well to keep in mind 
that the portion of the cathode which feeds the diodes may lose 
its emission if a severe overload occurs. This results in a de- 
crease in efficiency, distortion, and possibly incorrect functioning 
of the avc. , 

^Microphonic howls” should also be included under this head- 
mg smce they are a form of distortion. Tubes with loose ele- 
n^ts, especially in the detector stage, will produce micro- 
phonxes. Manufacturers have mounted receiver chassis on rub- 
bCT cushions in an attempt to overcome the condition. The de- 
■s^op^t of the more recent types of tubes having the dome- 
shaped glaw bulb has decreased the number of microphonio 
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tubes considerably because of the increased support given the 
elements by the mica disc set in the dome of the bulb. The all- 
metal type tubes are even superior to these tubes in this respect. 
In certain commercial receivers, microphonics have been traced 
to vibrating condenser-gang plates. This condition may be elim- 
inated by inserting small felt wedges between the vibrating plates 
to prevent this, but in such a way that the condenser action is 
not disturbed. Due to their excessive sensitivity, microphonic 
howls will result in many receivers if they are operated too close 
to the point of oscillation. This may be remedied by reducing 
the amplification of the r-f stages, or by locating and remedying 
the cause of oscillation (see Arts. 23-8 to 23-12). 

23-24, Locating Causes of Noisy Reception. — During the 
past few years, this complaint has become of increasing import- 
ance because of the widespread use of sensitive receivers and 
electrical appliances, Eor this reason. Chapter XXX has been 
devoted to a discussion of the causes and reduction of noises 
which may originate within, or outside of the receiver itself. 

23-25. Obscure Troubles in Transformer-Coupled A-F 
Amplifiers. — Transformer-coupled a-f amplifiers are relatively 
stable. The primary or the secondary windings of the trans- 
formers may open-circuit or short-circuit, but tliese faults will 
invariably disclose themselves by causing abnormal plate or grid 


Fig. 23-17. — typical trans- 
former-coupled audio amplifier 
stage. 


voltages on the tubes to which the windings connect, and so 
will be discovered by the ordinary voltage or resistance analysis 
of the receiver. 

There are cases, however, when only a few layers of the a-f 
transformer winding short-circidt, or a winding may ground to 
the core ; then, too, the primary may short-circuit to the second- 
ary, or vice v^*sa (see Art. 22-20). These troubles wall result in 
certain definite symptoms which may be recognized easily (see 
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rig. 23-17) . When a primary winding grounds to the core of the 
transformer, the plate voltage of the tube connected to this prim- 
ary drops below normal. Of course, this condition also affects the 
voltages on the other tubes as well. This trouble is peculiar inas- 
much as it is usually present only when the receiver is operating. 
Therefore, it is difficult to locate it with an ohmmeter since the 
ohmmeter may be employed only when the receiver is switched 
off. The best way to proceed in this case is to disconnect each 
component, in turn, with the receiver operating and with the set 
analyzer connected either to the particular stage in question 
or to any other stage. If the plate * voltage returns to normal 
upon disconnecting any component, that component should be 
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Fig. 23-18.—- (A) Plate current flowing in the grid circuit as a 
resirlt of a short-circuit between the primary and secondary •wind- 
ings of an audia transformer. 

amplifier stage in which the secondary-return of 
*0 through an oscillation-supprtS- 

^ short-circmt has also occurred here between the 
and secondary resulting in a flow of plate current from the 
preceding tube into the secondary circuit. 

te^ thi^ughly. A completely or partially short-circuited 
primary of an audio transformer will evidence itself by slightly- 
mghM-than-normal plate voltage and weak and “tinny" repro- 
cases, however, are comparatively few. 

When tile primary of an audio transformer short-circuits to 
wie secondary, B current flows through the portion of the seo- 
the “short" and ground or B minus, as shown at 
most common indication of this is high 
pwtftwe caused by the voltage drop produced by the flow of 

^ of tile plate current through the winding 

mm B C, asid high plate current in the tube connected 
to ^ seecmdaiy of tiie transfiEamiw. If the secondary return 
of the wmduig M cmnected directly to B minus or chassis, the 
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plate voltages of all the tubes may also be low due to the heavy 
B current drain through the path. When the secondary re« 
turn of the transformer is connected to the B minus through a 
high resistance, as shown at (J5) of Fig. 23-18 (in order to 
minimize audio oscillation) low plate voltage is not likely to 
result, because the presence of this high resistance reduces the 
^‘short-current^' drain. Usually, this resistance is of only about 
%-watt rating, so it may open-circuit because of the relatively 
high current which flows through it under these conditions. A 
completely, or partially, short-circuited secondary will only 
manifest itself by extremely weak and distorted reproduction. 
An open-circuited secondary will result in zero grid bias and a 
blocking of the audio tube. The receiver will function for only 
a few moments and. then stop completely. This S 3 rmptoni — the 
alternate blocking and operating of the tube — ^is one of the most 
positive indications of an open-grid circuit in an audio amplifler, 
and is due to the periodic charge and discharge, through the tube, 
of the distributed-capacity current of the secondary. 

23-26. Obscure Troubles in Resist^ce-Coupled A-F Am- 
plifiers. — ^Because of the existence of various resistors and con- 
densers in resistance-coupled audio ampliflers (see Fig. 23-19^, 
many difSlcult service problems may arise in receivers employ- 
ing this form of coupling. The coupling condenser in resistance- 
coupled audio amplifiers usually has a capacity between 0.01 
mfd. and 0.1 mfd. In some instances, it may be as low as 0.001 
mfd. The capacity of these units determines the frequency re- 
sponse of the amplifier, reproduction of the lower frequencies 
increasing as the size of the condeaiser is increased. Impedance- 
coupled amplifiers develop nearly the same troubles as those 
encountered in resistance-coiq)!^ systems so far as the coupling 
or isolating condenser is concerned. 

Should the coupling condenser become short-circuited, no re- 
ception will usually be obtained. The tube whose grid is con- 
nected to the shorted coupling condenser will have a positive 
grid bias and a csorrespondingly high plate current. If the grid 
bias voltage is, say, volts, and die voltage actually impressed 
on dre plate of the pre©e<hng tube is almost the same, the net, 
or measured grad Mas will be zero if the coupling condenser is 
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shorted, since these voltages will ^^balance out.’’ However, when 
the plate voltage of the preceding tube is higher than the grid 
bias of the coupled stage then the bias voltage indicated by the 
set analyzer meter will be 'positive by an amount roughly equal 
to the difference between the plate and grid-bias voltages meas- 
ured. Aside from these unusual voltage indications, a short-cir- 


Fig. 23-19. — typical resist- 
ance-coupled audio amplifier stage. 
Either one, or both resistors may 
be replaced by a-f choke coils to 
obtain an impedance-coupled am- 
plifier. XJsually the plate resistor 
is the one which is replaced, or Is 
used in combination as shown in 
Fig. 23-22. 



cuited coupling condenser makes itself apparent by the very 
weak and greatly distorted reproduction obtained. 

When the coupling condenser open-circuits, the symptoms 
are weak (and distorted) reception or no response at all. Muffled 
reproduction from a resistance-coupled audio amplifier may often 
be caused by leakage in the coupling condenser. This defect may 
also he indicated by a positive bias on the grid of the tube in the 
coupled stage, not unlike that described for a short-circuited coup^ 



Fig. 23-20. — Input circuit of a 
transformer-coupled push-pull am- 
plifier. 


ling condenser. The value of the grid-bias reading depends upon 
the amoont of leakage in the condenser. Because of the diflBculty 
and tte tune consumed in testing for an open-circuit in a low- 
^acity coupling condenser, the best method for determining 
ita eonditicm is to bridge another condenser of similar capacity 
aeioffi the suspected unit. Should reception improve, then the 
coT^rfing cmxdensesr in the receiver is open. Care should be taken 
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to keep the fingers free from the terminals of the condenser while 
doing this, as they may cause audio oscillation. Note that this 
bridging test is unsuitable if the condenser in the receiver is 
leaky, as the leakage will still be present even when the new 
bridging condenser is used. A quick check for leaky coupling 
condensers is to disconnect them; then test them for leakage, or 
substitute, others known to be perfect. 

23-27. Obscure Troubles in Resistance- Coupled Push- 
Pull A-F Amplifiers. — Some receivers employ a resistance- 
coupled push-pull circtiit. The primary requisite of push-pull 
amplification is that the grids of the push-pull tubes must be 



fed with voltages that are equal in magnitude but opposite in 
phase, or polarity. (See Bodio Physics Course, by Ghirarcfi, for 
detailed information on the theory of the push-pull amplifier.) 
This is aocomplished e^ily enough with a transformer by con- 
necting the two ends of tee secondary winding to the push-pull 
grids; tee center tap of the transformer secondary connects to 

B as shown in Fig. 23-20. In a push-pull resistance-coupled 

circuit, phase '^rotation,” or reversal, of polarity is accomplished 
by use of tee fact teat a signal is rotated hi phase ex- 

actly 180 degrees in passing through a vacuum tube. 
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Since a circuit of this kind may develop troubles not com- 
mon to the usual type of resistance-coupled amplifier, a know- 
ledge of its operation is essential. Eigure 23-21 shows the 
schematic circuit diagram of the audio amplijfier portion of the 
Majestic Model 300 receiver. Notice that a resistance-coupled 
push-pull output stage is employed. The audio voltage built up 
across resistor Rt is fed to the ’57 first audio tube through C7<, 
and the potentiometer Rg, The output of this audio amplifiier 
(the voltage drop across Rp) follows two channels; the direct^ 
and conventional, channel is through condensers Ci and C* to 
tube Vg, the lower of the two, ’47 push-pull output pentodes; 
the remaining channel is through the phase-rotating tube Vs 
The signal output of this tube, reversed in phase, is built up across 

and is fed through condenser Cs to F^. Mo change in the mag-- 
tdtude of the signal takes 'place, since Fa is adjusted to have 
a gain of 1 — ^no amplification. In this manner two voltages are 
fed to the two ’47 push-pull output tubes (F^ and F^). These 
voltages are equal in magnitude and opposite in instantaneous 
polarity, or phase. 

I>istorted and weak signals in audio amplifiers of this kind 
are often due to a poor phase-rotating tube. Otherwise the 
troubles that develop are strictly analogous to those described 
for re^stance-coupled amplifiers (Art, 23-26). The failure of 
part of the circuit of the phase rotator or even of the tube itself 
will not prevent the receiver from operating to some extent, as 
only the push-pull features are destroyed, unless, of course, the 
failtire seriou^y disturbs the normal voltages applied to the 
other tubes* 

23-28. lEaulty Resistance Units in Resistance-Coupled 
Amplifies. — There are but two main resistors in a resistance- 
eoupled stage* They may open-circuit, short-circuit, be- 
come partially open, or partially short-circuited. An open-oir- 
miited plate remstor will remove the plate voltage from the 
tuba. The ledgnal strength will be reduced to zero, or be extremely 
low. A ^ort-eircuited plate resistor will manifest itself by in- 
crea^d volt^e at the plate of the tube, high plate current, and 
mo d^ial sirength. A partiaOy open-circuited plate resistor (re- 
^stor with toe a value) will be indicated by erratic, though 
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low, plate voltage and intermittent reception. If the value of 
this resistor should change to a high value and remain high, 
reception will be weak because of the low plate voltage, although 
the quality will be good. A partially short-circuited plate re- 
sistor will be revealed by high plate voltage and low volume, 
though the quality will be good. 

Grid resistors rarely become defective, because they carry 
(theoretically) no current. However, aging, heat from the rest 
of the receiver and mechanical vibration may change their values. 
If the grid resistor open-circuits, the receiver will work for a few 
moments after it is turned on, then it will suddenly choke up and 
stop operating. The signal may be brought in again by turning 
the receiver off for a little while and turning it on again, or by 
placing one finger on the grid terminal of the tube to which iJie 
resistor connects and another on the chassis. Heproduction will 
then sound very much like normal. 

The reason for this action is apparent when the grid-coup- 
ling condenser is considered. When the receiver is first turned 
on, the coupling condenser charges up, and because the grid 
leak (it actually acts like a grid leak) is open, the accumulated 
charge has no path through which to leak off, so the grid be- 
comes highly negative and the plate current decreases to zero. 
Turning the receiver off for a few moinents allows the charge 
to dissipate itself in the small leakage path in the condenser, for 
no condenser is perfect. Placing two fingers between grid and 
chassis really is substituting resistance of part of the human 
body for the faulty one in the set. An open-circuited grid re- 
sistor may also be indicated by a rapid decrease in the plate 
current of the tube connected to this resistor. Exactly the same 
symptoins are evident in impedance-coupled audio circuits. 

A partially open-circuited grid resistor will exhibit somewhat 
the same s3nnptoms as an open-circuited one, except that ihe 
charge and discliarge of the coupling condenser will take place 
very slowly and may not even cause any noticeable trouble. A 
short-circuited grid reiristor may be determined quickly by simply 
checking the grid bias voltage. If the full value of the bias can 
be measured from gnd to filament, then the gnd resistor must he 
short-circuited. In this case, of course, reception will be very 
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weak, and none but the loudest stations can be heard. The symp- 
toms produced by a partially short-circuited grid resistor are diffi- 
cult to describe unless the correct and measured values are known. 
In general, however, the grid resistor may change in value by as- 
much as 50 or 75%, and the only noticeable symptom will be 
reduced volume. However, if the value changes rapidly, from 
instant to instant, then the rapidly varying volume can be de- 
tected without knowing what the value should be. 

23-29. Obscure Troubles in Impedance-Coupled Audio 
Amplifiers. — ^The impedance-coupled audio amplifier is very 
similar to the resistance-coupled unit, except that either one,, 
or both, of the resistors are replaced by impedances. If the- 
plate load is an impedance (an audio choke of about 30 henries- 
for triodes and about 100 to 200 henries for multi-grid tubes), 
the tube will have more nearly full plate voltage, just as if an 
audio transformer were used. This higher plate voltage results in 
greater amplification, and hence is preferred by many engineers. 

But the resistance-coupled amplifier has one feature not 
characteristic of any other method of coupling — it will pass all 
frequencies within the audio range without any discrimination 
when properly designed. Since this feature is desirable in 
many cases, a combination resistance-impedance system, shown 
in Fig. 23-22, is used in many receivers. The resistor R is 
shunted across the impedance L so that the plate voltage on the 
tube is high because of the low resistance of Z/. However, when 
audio voltage is developed across the combination, the effect of 
the resistance is to straighten out the response curve so that 
amplification is practically independent of frequency. The ef- 
fect of an open- or short-circuit^ resistor R in this circuit may 
not be noticeable at all. But if L open-circuits, the plate voltage 
will drop considerably because the plate current must now flow 
through R instead of L] the volume will therefore be low. The 
effects of changes in 22 or 2/ may easily be predicted after 
an ^animation of the figure. Many of them are similar to those 
previously deserihed. 

23-39. Obscure Troubles in Transformer-Impedance 
Conptod Audio Amplifiers. — A coupling device known as an 
Impedaformer has been available for some time and has been 
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used in a number of receivers. Essentially, it consists of an 
audio transformer and a coupling condenser arranged as shown 
in Fig. 23-23. Transfer of energy here takes place both by mag- 
netic coupling (as in the audio transformer) and by impedance 
coupling through the coupling condenser Cq. On the very high 
audio frequencies, the response of the transformer drops off. Then, 



Pig. 23-22. — Resistance-imped- 
ance audio-frequency coupling sys- 
tem. 


each winding acts as a choke and the system is impedance 
coupled. The symptoms caused by faulty parts are the same 
as those described previously for the transformer and resistance- 
coupled systems. 

23-31. Servicing Direct-Coupled Audio Amplifiers. — ^Al- 
though the direct-coupled audio amplifier has found its greatest 
application in public-address work in conjunction with rmcro- 


PiG. 23-23. — The “Impedaf ormer” 
coupling unit. This is a combina- 
tion of an a-f transformer and a 
condenser connected between ^ its 
windings, as shown. 



phones, phanograph pickups or talking motion picture equip- 
ment, a number of eonqpnercial radio receivers also employ this 
system of amplification because of its high gain and wide audio- 
frequency response. 

Tty the conventional resistance-eapacity-coupled amplifier, 
there is a strong tendency for the grid circuit of the last audio 
tube to block on strong signals because of the accumulataon of 
electrons on the grid, resulting in the cutting off of the plate 
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current. In addition, the input capacity between the grid and 
cathode (or filament) acts as a shunt condenser across the grid 
leak, and the plate-cathode (or filament) capacity acts as a 
shunt across the plate load resistor, at high audio frequencies. 
Therefore, the response drops ofi. Furthermore, the reactance of 
the coupling condenser is so large at the low audio frequencies as 
to severely limit the gain below a few hundred cycles. In the 
direct-coupled audio amplifier, the plate of one tube and the 
grid of the next are coupled directly (hence the name) through a 
conomon resistor — ^no coupling condenser or leak resistor being 
employed. By eliminating these, grid blocking due to strong 
signals is avoided and the frequency response is improved. 

A typical direct-coupled audio amplifier circuit is shown in 
Fig. 23-24. It can be seen that the B current flows through the 
plate circuit of F* to point A. At this point, the plate current 
of this tube divides: part flowing through the voltage divider and 
screen-grid to B — , and part through the coupling resistor Ec, 
through tihe plate-cathode circuit of the tube, F j, through resistor 
E to B — . The current through E is the sum of the plate and 
screen eurr^ts of the tube. The voltage drop across the voltage 
divider, represented by Bi, B,, Es and E 4 , is, of course, the 
same as the total voltage drop through Eo plus that across the 
plate-cathode path in F^, plus the voltage drop across R, since 
these are two parallel circuits. It is evident, therefore, that 
the total voltage which miist be supplied by the power unit 
is. equal to the sum of the plate voltages impressed across Vi 
cmd V 2 , plus the voltage drop across Ec and R. This means 
that the power umt in a direct-coupled amplifier must be 
capable of supplying a higher voltage than when the more con- 
ventional forms of coupling are used. 

It is also evident that the grid of V 2 is connected to the same 
positive voltage as the plate of F^. This appears theoretically 
UBsoimd until we realize that the filament of Vb is at a higher 
positive voltagfe than the grid because of the voltage drop across 
the coupling redstor Bo. This voltage drop across Ro is equal to 
the plate current of Vt multiplied by E^. It follows, therefore, 
that the grid oj Fj is negative with respect to the filament by the 
OTiount of this voltage drop. The resistor values are so cal- 
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culated, that the voltage drop across Rq enables Ft to operate at 
standard voltages. The important point to remember is that grid 
voltage is always measured from grid to filament, and plate 
voltage from plate to filament (or cathode) , any other existing 
voltages notwithstanding. 

Some means, however, must be employed to maintain the 
stability of the amplifier. An amplifier tube has a tendency to in- 



crease its plate current when a signal is applied to its grid. From 
the diagram, it is seen that when an increase in the plate curreiit 
of Vi occurs for any reason, file bias voltage on F* increases 
automatically because of the greater voltage drop in JBe- TMs 
produces a decrease in the plate current of F*. Since this latter 
plate current constitutes fiie major portion of the current through 
the voltage divider, when it decreases, the voltage drop in Mx 
decreases^ Since the normal grid bias on Yx is equal to the difier- 
ence between the voltage drop in R and that in iij, if Oie volt- 
age drop across Ri decreases, the grid of Fj becomes more nega- 
tive and tdie plate current of Yx decreases* This automatically 
maintains the plate current of tube Fj constant. 
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The condenser C is connected between the cathode of and 
the arm of the potentiometer B 2 (part of the voltage divider). 
Its object is to introduce a small hum voltage into the grid cir- 
cuit of the tube (of equal value but of opposite phase to the hum 
introduced by the voltage drop across R caused by any ripple 
or hum from the B supply). The potentiometer is varied 
until the hum is neutralized, or balanced out. Condensers Cj, 
Ct and Cs are used to prevent possible undesirable coupling due 
to the use of a common impedance. 

Direct-coupled audio amplifiers may best be serviced by 
checking all resistance and voltage values, provided such values 
are hnovm, but the problem becomes exceedingly difficult unless 
the principle involved is clearly understood, especially when the 
circuit diagram or constants are not available. 

The service problems encountered with direct-coupled am- 
plifiers are comparatively few, the most common one being dis- 
torted reproduction. Almost invariably, this is due to a low 
emission tube used in the Fj position. Since the grid bias of the 
succeeding, or output tube depends upon the plate current drawn 
by Fi, it is important that the plate currtot of Fj be normal, or 
else the bias on the output tube will be abnormal, and distortion 
will result. 

In some amplifiers, a series screen resistor is. employed. An 
open-circuited screen resistor will cause Fi to draw less plate 
current, thereby lowering the grid bias on F,. This failure may 
be recognized by weak and distorted reproduction. Frequently, 
the cause of lowered grid bias on F* is the coupling resistor Ro, 
which is usually a carbon unit, and which often changes in value. 
It is best that this component be of the highest quality. 

^ould distorted reproduction be accompanied by hum which 
cannot be reduced to a minimum with the hum-bucking poten- 
tiometer, check the hum-bucking condenser C for leakage. 
Distortion which is found to be caused by an abnormally high grid 
bias on F, will often be traced to a tube having cathode-heater 
leakage, or to a short-circuited or leaky cathode by-pass con- 
denser Cs, 

Motor-boating and distortion can be caused by a grounded 
hum-bucking potenMometer i2t, whqse shaft is usually insulated 
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from the chassis by an insulating bushing or washer. In this case, 
it is only necessary to loosen the moimting nut to re-locate the 
unit. Of course, total inoperation may be due to the open-cir- 
cuiting of a resistor or short-circuiting of one of the filter con- 
densers, Cti or Cf This may be ascertained simply enough by 
a continuity or resistance test. The latter is much to be pre- 
ferred in this circidt. 

There are many other versions of direct-coupled circuits, but 
they all operate on the same principle and are subject to the 
same limitations. The arrangement shown in Fig. 23-24 has 
been used extensively in this t37pe of amplifier. 

23-32. Classes of Audio Amplifiers. — ^There ari several 
conditions of tube operation which may be employed for audio 
amplification. The operating point on the grid-plate charac- 
teristic, determined by the grid bias and the amplitude of the 
exciting grid (signal) voltage, varies^ over a wide range in am- 
plifiers designed for different fields of application. The plate 
eflSiciency of the amplifying tube, and the degree to which the 
alternating component of the plate current is a true reproduction 
of the varying applied grid voltage, depends upon the operating 
point on the grid-plate characteristic as determined by the grid 
bias and upon the magnitude of the exciting grid voltage. 

Amplifiers are grouped into three general classes (A, B and 
C) , according to the region of the grid-plate characteristic in 
which the operating point, as determined by the grid bias, is 
located, and the magnitude of the exciting grid (signal) voltage. 
In other words, this classification depends primarily upon the 
fraction of input cycle during which plate current is expected 
to flow under rated full load conditions. This classification is 
merely a recognition of current practice in amplifier tube opera- 
tion, and offers a convenient terminology for the description of 
amplifiers. It is understood that this classification refers only to 
single-stage amplifiers; a multi-stage amplier may consist of 
two or more of these classes. Definitions describing .these classes 
have been standardized by the Institute of Radio Engineers. 
These will now be considered. 

23-33. Class A Amplification. — A Class A amplifier is one 
in which the grid bias and the ^citing grid voltage are such 
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that the plate current through the tube flows at all times. The 
ideal Class A amplifier is one which operates in such a manner 
that the plate output wave-form is essentially the same as that 
of the exciting grid (signal) voltage at all times. 

This condition is obtained by operating the tube with a 
negative grid bias such that some plate current flows through 
the tube at all times, and by seeing to it that the alternating 
signal voltage applied to the grid is such that the dynamic op- 
erating characteristics are essentially linear. The grid must not 
be driven ^^positive” by the signal on peaks, and the plate cur- 
r^t must not fall low enough at its minimum to cause distor- 
tion due to operation over the lower bend of the characteristic. 
The amount of second harmonic present in the output wave, 
which was not present in the input wave, is generally taken as 
a measure of distortion, the usual limit being 5 per cent. This 
is the usual condition of audio amplifier operation which we have 
already discussed in this chapter. This type of amplification 
results in low distortion, relatively low efficiency and power out- 
put, and a large ratio of power amplification. 

The main difference between a power output tube and one 
designed for r-f or i-f amplification is the fact that, in the out- 
put tube, voltage amplification is sacrificed for power-handling 
ability; hence the necessity for securing as much undistorted 
power output per volt applied to the grid as possible. The ratio 
of the power output in watts to the square of the input grid (sig- 
nal) volts (r-tn-s values) is a measure of the power sensitivity 
of the tube. Thus, a power tube delivering 8 watts output with 
an applied signal of 10 volts r-m-s has a power sensitivity of 
S/lfF = 8/100 = 0.08 watt per volt^ = 80 milliwatts per volt^. 

23-34. Class B Amplification. — ^To secure a further increase 
in power output, a power tube may be operated with a negative 
gnd bias such that the plate current is reduced to approximately 
*esro when no ffignal voltage is applied, and plate current flows 
only during the positive half cycles of the signal, exactly as in 
the bias type of detector. This is called a Class B amplifier. 

Tto plate currmt of a single tube operated as a Class B 
anplMer is sev^ely distorted since it has no ‘‘negative loops'’; 
flns %B another way of saying that the output of a single tube 
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operated as Class B amplider contains a number of strong even 
harmonics (the second, fourth, sixth, etc.) which are undesirable. 
The grid may usually go ^^positive” on peaks of the signal, the 
harmonics produced by this being removed from the output by 
suitable means. The characteristics of a Class B amplifier are 
medium efficiency and output, with a relatively low ratio of power 
amplification. 

The high distortion resulting from the use of a tube as a 
Class B amplifier must be balanced out if the wave-form of the 


Fig. 23-25. — Circuit 
of a typical Class B 
amplifier stage. The 
push-pull arrangement 
balances out the distor- 
tion generated by each 
tube. 



output signal is to resemble that of the input signal. This bal- 
ancing out is accomplished by using two such tubes connected in 
a push-pull arrangement, as shown in Fig. 23-25. The wave- 
form of the plate current and the mode of operation are illus- 
trated in Fig. 23-26. Graph, 1, is the grid volta^ge — opiate cur- 
rent characteristic of tube Fi, and graph, is that of tube V%. 
When the agnal voltage e is applied, the plate current, Ipi, of 
tube Vi varies as shown in the upper right-hand quadrant. 
The plate^current, Jp*, of the second tube is shown in the lower 
left-hand quadrant. The result of the push-pull arrangement is 
that both combine in the output choke or transformer to put to- 
gether the complete wave.* The wave-form of the output is a 
comparatively faithful reproduction of that of the input signal, 
so that but little distortion is present. 

On weak edgnala, tiie regions OA and OB (Fig. 23-26) become in- 
creasingly important, and contribute to the distortion, so that the 
Cfiass B system is of special advantage when the signal strength 
is large.^ The ideal Class B amplifier is one in* which tiie alter- 
nating component of plate current is an exact replica of the 
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alternating grid voltage for the particular half cycle when the 
grid is positive with respect to the bias voltage, and the plate 
current flows during % of this cycle. 

23-35. The Driver Tube. — ^It is not necessary that the grid 
of a single Class B tube be biased highly negative in order to 
operate at the cut-off point. By designing the tubes for this ser- 
vice with a high amplification factor, cut-off (or nearly cut-off) 
may be obtained with zero bias. The grid will then draw current ; 



Pig. 23-26. — Graphs illustrating the wave form of the plate cur- 
rent existing in each tube of a push-pull Class B amplifier stage when 
a signal voltage e having the wave form shown is applied to the stage. 
The graphs are plotted with plate current as ordinates (vertical 
scale) and grid voltage as abscissae (horizontal scale). 

• 

but if the tube feeding the Class B stage is designed to supply a 
reasonable amount of 'power j then the losses in the grid circuit if 
the Class B stage are supplied. The tube feeding the Class B 
stage, then, must be something of a power amplifier of the Class 
A lype, and for this reason it is called a driver tube. 

23-36. Special Class B Amplifier Service Considerations. 

It was mentioned that the driver stage must supply enough 
pcfwi^ to ilie Input of the Class B stage to supply the grid losses. 

means that the losses in the input transformer must be as 
low as possihle, and that this transformer must be designed with 
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the same considerations in mind as for a power transformer. It 
is usually constructed with a step-down ratio (from primary 
to % of the secondary) of about 1.5 to 1. Its normal resistance 
and leakage reactance must be low, otherwise the high notes will 
be attenuated. For these reasons, an ordinary audio transformer 
cannot he used as the input transformer in a Class B amplifier 
circuit, 

'Tlie output transformer is special, too. The plate current of 
each tube is very high during the “positive’^ swings of the sig- 
nal, so that the core of the transformer must be large enough 
to handle the high flux density without saturating. Further- 
more, the flux in the core does not balance out as it does in a 
Class A push-pull circuit — each tube works for half a cycle in 
turn, (not at the same time) so the flux density may be very high 
at the peaks of the plate current. FinaQly, the ratio of an out- 
put transformer intended for Class B work is different than that 
required for the same tubes in Class A push-pull. In a Class A 
transformer the entire primary works at once; in a Class B 
transformer each half works by itself, in turn. 

Thus, if a 10-ohm voice coil is to be fed from two tubes 
working in Class A push-pull having a total plate-to-plate im- 
pedance of 9,000 ohms (4,500 ohms per tube), the ratio of the 
output transformer must be: 

^9,000 , 

= V900 = 30 to 1. 

But in Class B, the ratio must be computed for one-half of the 
primary, and then doubled. Thus, the plate-impedance of one 
tube is 4,500 ohms. Then half the ratio would be: 

V 4,500 ^ 

= V^50 = 21.2 to 1 

and the entire ratio would be 42.4 to 1. These considerations 
lead to the conclusion that an oulput transformer intended for 
push-pidl Class A operation cannot be used satisfactorily for 
Class B systems^ 

The power transformer and filter ^sterns tisecl in uiass JtJ sys- 
tems are different from those used in Class A systems. Since the 
plate current in a Class B system fluctuates hetween wide limits 
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and depends upon the signal voltage on the grid of the Class B 
stage, it is imperative that the voltage output of the power unit 
be as unaffected by these current fluctuations as possible. This 
condition limits the permissible resistance of the chokes, rectifier 
tube, and power transformer to a very few ohms. Chokes suitable 
for Class B work should have a resistance of about 20 ohms* 
power transformers should have large cores and low-resistance 
windings, especially the plate winding; and the rectifier tube 
should be of the mercury-vapor type because of its low internal 



Fig. 23-27. — Con- 
nection of the power 
transformer in a 
Class B system show- 
ing the location of the 
r-f filter system be- 
tween the high-volt- 
age winding and the 
rectifier tube. 


plate-cathode resistance. These considerations again lead to the 
conclusion that power systems intended for Class B work can be 
used for Class A systems, but a power pach originally designed 
for Class A cannot be used in a Class B system. 

The power transformer of a Class B system usually has 
small fixed condensers connected from each side of the high- 
voltage secondary to ground, and one or more r-f chokes in the 
Ingh-volta^ leads, as shown in Fig. 23-27, to filter out any high- 
Irequenci^ that may be generated in the mercury-vapor recti- 
fier duiing ionization. 

These condensers should have a sufficiently high voltage rat- 
ing et^d the high peak surges developed across the high- 
vdt^ secondary winding. They should be of the mica-dielec- 
trie type to insure a small amoimt of leakage during the high 
eiirgies of vcfll^ge; the r-f chokes must be heavy enough to 
eairy rmtifi^er-tube currmt without burning out. The ef- 
i^ts of open- or Aort-circuited chokes and open- and diort- 
msmMed eoncte»^rs are apparent. If any of the high- 
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frequency currents generated by tlie rectifier tube shoxild get in- 
to the receiver because of some failure in the r-f power filter 
system, the receiver will become very noisy, especially on the 
short-wave bands (if the receiver is of the all-wave type). Ex- 
amination of these r-f chokes and by-pass condensers should 
be made first, if a symptom of this kind appears. 

A comparison of Class A and Class B amplifiers is instructive. 
The Class B (push-pull) combination is operated so that a 
greater power output per tube (with comparable fidelity) can be 
obtained than is possible from the formerly popular and time- 
tried Class A type using similar tubes. Class A design is rela- 
tively simple, and tubes such as the VIA, UO, '45 or '50 types 
have been employed in them for years. The Class A amplifier in 
push-pull requires 2 tubes which need not be ^^matched" very 
closely to give satisfactory reproduction. The Class B amplifier, 
on the other hand, involves the use of more accurately matched 
tubes and greater care in design, both of the circuit and the 
associated equipment. The older type tubes can be used in it, 
but not as advantageously as the newer ones designed especially 
for Class B use. A '^power" tube is required to feed the Class B 
amplifier. The major advantage of Class B amplification is the 
availability of large sound volumes at reasonable cost with fair 
fidelity. It is usually considered worth while only when dance- 
floor volume is required. A usual fault is its tendency to give 
poor reproduction for low volume (about that required for a 
small room) even though the fidelity at large volume may be 
satisfactory, this effect being very proneunced if the tubes are 
mismatched to an extent that would have negligible effect on a 
Class A amplifier. 

23-37. Glass C Amplification — A Class C amplifier is an 
amplifier operated with a negative grid bias more than suffi- 
cient to reduce the plate current to zero when no ^citing grid 
(signal) voltage is present. Plate current pulses of large am- 
plitude flow in, eaeh tube during only a fraction of each '^posi- 
tive’^ hsdf cycle of the grid excitation (signal) voltage variation. 
The grid voltage usually swings sufficiently positive to allow 
saturation plate curr^t to flow through the tube. Thus the 
plate oulput waves are not free from harmonies, and suitable 
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means are usually provided to remove the harmonics from the 
output. 

Class C amplifiers find application where high plate circuit 
efficiency is a paramount requirement, and where departures 
from linearity between input and output are permissible. The 
characteristics of a Class C amplifier are high plate circuit effi- 
ciency, high power output and relatively low ratio of power 
amplification. 

23-38. Class A-Prime (AB) Amplification. — When the 
t 5 q)e of amplifier service is intermediate to the foregoing main 
classes, it is convenient to designate the service by other terms. 
The most important of these is the Class A-Prime (also called 
Class AB) service. 

The advantage of large power output with tubes operated as 
Class B amplifiers disappears, as pointed out in Art. 23-36, when 
the signal strength is small. To retain the high power sensitivity 
with large signals, and at the same time reduce the distortion 
with small input voltages, the Class AB system is used. The 
Class AB amplifier is one which is overbiased, operating as a 
Class A system for weak signals, and as a Class B amplifier 
whm the signals are large. Essentially, it is the same as an am- 
plifier Mbs between the Class A and Class B conditions of opera- 
tfen. The result is that plate current flows during appreciably 
more than half of each signal voltage cycle, yet for less than the 
eon^lete cyele, since the fixed-bias non-adjustable system is 
used- As shown in Fig. 23-26, plate current flows during more 
#Lan a cycle, for tbe fixed bias is adjusted to about point 
I>. For small signals, the plate ■ current varies above and 
Wow point D uniformly with the signal voltage, and the 
system is Class A; when the signal strength becomes large, the 
plate-currmt swing on one half-cycle alternately becomes greater 
than that on the other, and the system is Class B. The service 
problOTis connected with Class AB systems are essentially simi- 
lar to those of the Class B system (see Art. 23-36) . 

The driver “tube need not supply much power, nor must the 
input, output, and power transformers be as large in a Class AB 
as in a Glass B amplifier. However, they should correspond 
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more to Class B than to Class A apparatus. Several models of 
household receivers employ a Class AB amplifier in the output 
stage. 

23-39. Fixed- and Self-Bias in Class B Amplifiers.^ — The 
usual resistor in series with the cathode or filament of a tube 
supplies bias because of the flow of cathode current through this 
resistance. A by-pass condenser of large capacity must be con- 
nected across it, however, to prevent degeneration, as explained 
in Art. 23-7. With Class AB and Class B systems, the fluct- 
uating plate current is sometimes so great that it is difficult to 
keep the bias constant xmless a by-pass condenser of prohibitively 
large capacity is used. It is for this reason that many of 
the present-day Class B tubes have been designed for use with 
zero bias to obtain Class B operation. 

But when the output tubes are not so designed, it is neces- 
sary to maintain the bias fixed, otherwise the degeneration will 
appreciably reduce the power output. In such cases, the bias is 
usually kept constant by incorporating a separate rectifier-filter 
system for the sole purpose of supplying bias to the Class B 
stage. In some cases, this rectifier-filter system also supplies 
plate voltage to the r-f and i-f amplifier tubes, since they draw 
but little current and therefore cannot appreciably affect the 
bias voltage developed. A receiver utilizing such a system will 
then have two power systems, and, when servicing them, each 
must be considered as if the other did not exist. 

23-40. Miscellaneous Amplifier Systems. — Aside from the 
usual types of amplifier systems described here, there are sev- 
eral other types that are in common use in some radio equipment. 
The service man should become familiar with them. The service 
problems to be encountered with these systems are not xmlike 
those alr^dy mentioned, and will not be repeated here. Only the 
g^er£d theoiy' of operation will be pointed out. From this, ser- 
vice problems may be anticipated and the solutions predicted. 

23-41. The Direct-Coupled Amplifier Tube. — The direct- 
coupled amplifier tube, shown at {A) of Fig. 23-28, is employed in 
a number of receivers now in use. It consists of two triodes in 
a single envelope. Pj, Gi and Ki are the plate, grid and cathode, 
respectively, of the first, or input, section; and P*, G», Kt Are 
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the plate, grid and cathode, respectively of the second, or output, 
section. The distinguishing characteristic is that the input cath- 
ode is connected to the output grid directly, inside the tube, as 
shown. The circuit arrangement employed is shown at (5) of 
the figure. . The cathode of the input section connects to the 
grid of the output section, so that the grid-cathode resistance of 



Pig. 23-28. — (A) Arrangement of the electrodes and internal 
connections in a direct-coupled amplifier tube, 

(B> The circuit arrangement employed with the tube connected 
as a direct-coupled audio amplifier. 

the output section is the load of the input ; it is in the “cathode” 
r instead of in the “grid^^ circuit. The plate and grid return of the 
iSrst section, th^efore, is made through the input resistance of 
the second section. Furthermore, the bias on the No. 1 grid is 
the grid-cathode voltage drop in the second section. The path 
of idle plate current for each section of the tube is indicated by 
dotted lines and arrows. 

A sigjial applied to the first grid varies the plate current of 
the first section. This plate current flows from the cathode of the 
first section to ihe grid of the second section. This varying cur- 
rent changes the voltage drop across Gt-Kg, which actuates the 
plate current of the output plate circuit in the normal fashion. 
The ^stem is strictly Class A, and the one tube shown could be 
F^laced by two separate tubes with equal results. 

23-42, Ke^xed Duo-Grid Tube Operation.^ — A rather 
uniqc^ detostsor-amplifier circuit is shown in Fig. 23-29. The 
tube i^mcture conmsts of a heater, a cathode, two inter-meshed 
^pds cqmdiy spaced from the cathode and from the plate, and 
a plate. The two grids connect to both ends of the r-f 
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transformer secondary and the center tap of that winding con* 
nects to cathode through the conventional grid leak and conden- 
ser, B and C. The primary of the audio transformer is con- 
nected between the single plate and 

When a signal is tuned in, one grid becomes positive while the 
other one becomes equally negative, and vice versa. Therefore, 
the plate current does not vary, so far as the r-f signal is con- 
cerned, since both grids are always at exactly the same potential 
but of opposite polarity; i.e., one grid tends to increase the plate 
current while the other tends to decrease it an equal amount, so 
the net r-f plate current change is ^^zero^\ However, each of the 
grids becomes ''positive^' once during each cycle. Each time that 
happens, the positive grid draws grid current which flows through 
the leak and condenser; on the other half cycle the other grid 
draws grid current, which also flows through the leak. In this 
manner the potential of both grids decreases according to the 
audio variations of the modulated signal, and the plate current 
changes accordingly. In other words, the r-f plate current 
changes are zero, but the audio voltage built up across the grid- 
leak and condenser is applied to both grids in parallel, since they 
are in the common leg, and vary the plate current at an audio 


Flo. 23->29. — Cir- 
cuit arrangemeiit for 
a meshed duo-grid 
tube (Wunderlich 
tube) operated as a 
detector. 



TO 

Kauoio 

gTUBE 


rate in acoordance with the modulation of the incoming r-f 


This is the distinct advantage of the meshed duo-grid tube — 
the plate current varies only at an audio rate, thus preventing 
r-f Jhpm entering the audio system and generating what is known 
as ^Tringe howl.’’ 

23-43. Tone Controls.— Many people do not desire the full 
ftiirfo range of reproduction possible with a given receiver. They 
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demand more of the low' notes than the high — ^they are willing 
to sacrifice purity of sound for ^^mellowness.^' To accomplish 
this, and to enable the same receiver design to satisfy the dif- 
ferent tastes of a number of people, it is customary to provide 
some means of reducing the high note reproduction at will. 
The device which does this is called a tone or color control. 

Tigure 23-30 shows several common tone-control circuit ar- 
rangements. They all contain a condenser in one form of circuit 
or another. The system at (A) consists of a resistor B in series 
with a condenser C connected from the plate of the output tube to 
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Pig. 23-30. — Several common tone-control circuit arrangements. 

ground. C may have a yalue of about 0.003 mfd. and R a value 
of 50,000 ohms, the exact sizes depending upon the type of tube 
in Use, the frequency response of the audio system, etc. When 
R is set at its minimum value, C is most effective in by-passing 
the high audio frequencies to ground; when R is set at max- 
imum, C does the least amount of by-passing. 

System (S) does not use a resistor, but consists of a number 
of wnall condensers arranged to be individually selected by means 
of a tap switch. The condensers are of various capacities, ar- 
ranged so that each one by-passes a little more than an adjacent 
one. 

A third method in common use, shown at (C), is similar to 
that at (.5), except that the condensers are connected in series, 
and as many as three may be short-circuited at once by a fan- 
switch, leaving the fourth to by-pass. As the switch is turned 
back, more mid more condensers are connected in series, thereby 
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lowering the resultant capacity and thus decreasing the by-pass- 
ing effect. 

l^ot all tone controls are connected in plate circuits; some 
are in grid circuits, as shown in (D). This circuit shows the 
most common location of the tone control in push-pull circuits. 
It consists of the usual capacity-resistor series arrangement. But 
regardless of whether the tone control is in the circuit of the 
plate or the grid, the fact remains that it is connected some- 
where in the audio circuit so that it by-passes the higher audio 
frequencies. 

It should be noted that the usual type of tone control does 
not increase the low-frequency response at all; it merely re- 
duces the high-frequency response. Due to a peculiar physio- 
logical action of the ear, the result sounds as though the inten- 
sity of the low notes were increased instead. In this connection, 
it will be well to mention here another point about steady low- 
frequency hum in receivers employing a tone control. In such 
receivers, the hum which is present will become much more 
noticeable when the tone control is adjusted to reduce the high- 
frequency note reproduction. This action really makes it appear 
as though the cause of the hum is of such a nature that it in- 
creases when the tone control is set in this position — ^which of 
course is not the case. 

Troubles in tone-control circuits are usually confined to poor 
tone control operation due to open circuits, loose or imperfect 
switch or resistor arm contact, or open-circuited tone control 
re^stor elements (when they are employed). Of course, the 
usual routine tests (see Chapter XXII) made on the compon- 
ents employed in the tone control circuit will quickly reveal such 
troubles. 

23-'44. Volume Controls. — Almost every receiver manu- 
factured during the past few years uses some form of diode 
detection. This detection arrangement is almost always accom- 
panied by automatic volume control, which requires that the 
manual volume control be placed in the audio amplifier. Some 
receivers use a three-winding i-f transformer, one for the avc 
tube and one for further amplification. In such cases, the vol- 
ume control may be connected in the i-f circuit. The reader is 
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referred to the many circuits presented in Chapter XIX for the 
location of the volume control in modern receivers. 

In older receivers, the screen-grid voltage of the r-f and/or 
i-f tubes is varied for control of volume. This type of control 
is connected somewhat as shown in the sketch of Pig. 23-31. 
The plate voltage is reduced to the maximum value suitable for 
the screen grids by Ei\ Eg varies the screen-grid voltage for 
control of volume; and Ri is a small bleeder resistor to prevent 
the screen voltage from reaching zero when Eg is set at the 
^'minimum voltage” position. 

Another favorite form of volume control which has been used 
in many of the older receivers was one which varied the control- 


Fig. 23-31. — A t 3 rpical circuit 
arrangement for the control of 
volume by the variation of the 
screen grid voltage in the r-f or 
i-f circuits. 



grid bias and effective length of the antenna coil at the same 
time, as shown in Fig. 23-32. When the arm of potentiometer 
E is set so that the ground and B — wires are connected to point 
Aj the bias on the tube is a mi n i m um (which makes its am- 
pliffcation maximum) and the full antenna coil is used. There- 
fore, this is the ‘'full volume” position. When it is at B, the 
antenna is groimded and the bias is maximuror' (making the tube 
ampliffcation minimum) . Of course, only the bias may be varied 
in some systems of this kind, and only the antenna-coil length 
(effective) in others, but the combination of both is more effec- 
tive, since it helps to give better control for low volume due to 
tbe fact that not only the amplification of the first tube is re- 
duced, but the coupling of the antenna coil is reduced as well. 

There are numerous other methods used to’ control vol- 
ume, but the ones described here are the most important and 
tbe on^ most encountered in the service field. Practically all 
volume control arrangemmts employ variable resistors, and it, 
IS in these that trouble may occur. The usual troubles are, dirty 
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contact, or insufficient pressure, between the resistor element and 
the movable arm. Very often, sharp burrs or nicks are present 
on the surface of the resistance element or the contact arm. 
These troubles may result in very noisy operation of the volume 
control, or even intermittent operation. Dirty contacts can be 
cleaned with a cloth soaked with gasolene, alcohol, or ordinary 
clothes-cleaning fluids. Insufficient contact-arm pressure may 
be remedied by bending the arm. Nicks or burrs may be care- 
fully filed, scraped or sanded down if it is worth while. An open- 
circuit, caused by a break in the thin resistance wire used in these 
resistors, usually necessitates replacement of the volume control 
resistor (see Arts. 22-9 and 26-3). 

23-45. Obscure Troubles in Receiver Output Circuits. — 
In many of the early receivers which employ magnetic type loud- 
speakers (service men are still called upon to service them), no 
provision is made to safeguard the fine-wire coils of the speaker 
against possible burnout by the plate current of the output tube. 
They were simply connected in series with the plate circuit of 
the last audio tube as shown at (A) of Fig. 23-33. Later re- 
ceiver designs incorporated a choke-condenser combination as 
shown at (B), to keep the high direct plate current of the 
tube from injuring the fine wire of the speaker windings. 


Pig. 23-32. — A typical volume 
control arrangement in -which the 
grid bias of the first tube, and the 
effective length of the antenna 
coil are varied simultaneously. 



If the blocking condenser, C, in (B) becomes ^ort-circuited, 
it will be evidenced by choked and distorted reproduction, sound- 
ing very much as though the grid bias of one of the audio tubes 
is low. This iarouble will not be revealed by the usual tube soc- 
ket voltage analysis of the reemver. Sometimes, no signals at 
all wijl heard. If the choke L opm-circuits, the plate of the 
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power tube will receive no voltage and operation will cease. 
Of course, this trouble would be revealed by a voltage analysis 
of the receiver. 

Many of the older magnetic speakers were equipped with a 
filter to prevent the generation of fringe howl. A typical dia- 
gram of such a filter is shown in Pig. 23-34. It consists of a 
single choke coil, L, and two condensers, C, connected between 
the speaker winding and the speaker terminals. If severe dis- 
tortion is experienced when this type of speaker is employed, the 
individual parts of this filter should be tested thoroughly, for a 
partially short-circuited condenser may be the cause. If the 
choke becomes open-circuited, or one of the condensers become 
completely short-circuited, the speaker windings will receive 
little or no current and reception will be weak or absent alto- 


POWER TUBE POWER TUBE 




Connecting the loud speaker winding: directly 
into the plate circuit of the power tube. ^ 

(B) Use of the choke and condenser coupling arrangement for 
keeps the heavy plate current of the power 
tube out of the delicate windings of the speaker. 


gether. Magnetic speaker repairs are considered in Arts 26-17 
to 26-25. 

D 5 maimc speakers usually have a very low-resistance voice 
coU of comparatively few turns. Therefore, the voice coil has 
a low impedance and acts practically like a pure resistance. The 
imped^ee of voice coils in dynamic speakers commonly em- 
ploy^ in radio receivers is usually between 1 and 15 ohms. Two 
^eptio^ to this are found in some early Colonial and Peerless 
^ which employed ^ a voice coil consisting of a single turn of 
copper staip having an impedance of approximately 0.006 
olim. Rougjdy speaking, the impedance (at 1,000 cycles) of a 
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dynamic speaker voice coil is about 33% greater than its d-c 
resistance. Since the output impedance of power amplifier tubes 
is so much greater than that of dynamic speaker voice coils, an 
impedance-matching transformer of proper design must be used 
between them. The primary, P, of this transformer is con- 
nected in series with the plate circuit of the power amplifier 



Fig. 23-34. — typical filter for 
a magnetic speaker. This prevents 
fringe howl. 


tube, as shown in Fig. 23-35; the low-impedance secondary^ S, 
is connected directly to the voice coil of the speaker. 

When a push-pull power amplifier stage is used, the primary 
of the output transformer is center-tapped, as shown in Fig. 
23-36. It is advisable, when one of the tubes is foimd without 
plate voltage, to test for an open-circuit in that section of the 
output transformer primary which connects to this tube, 

A partially short-circuited secondary winding will result in 



Fig. 23-35. — ^The connecticai of a speaker input transformer be- 
tween the plate circuit of a single power output tube and the voice- 
coil of a dynamic speaker. 

weak and distorted reproduction. The same symptom results 
if the voice coil of the speaker becomes partially short-circuited 
(this trouble and its remedy will be discussed at length in Art. 
26-35 of Chapter XXVI) . To check for this condition, it is not 
nec^saiy to disconnect the secondary winding from the voice 
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coil before checking its resistance with an ohmmeter. A more 
rapid test may be made by short-circuiting these windings with 
a very short length of wire, provided some reception is obtained. 
If the response is materially weakened when the voice coil or 
output transformer secondary is short-circuited, then these wind- 
ings are not likely to be at fault. If little or no variation of sig- 
nal strength results, it indicates a short-circuited or partially 



same speaker circuit arrangement as that of 
Fig. 23-35 — for two power tubes in push-pull. 


short-circuited output transformer secondary or voice coil. Of 
course, each should then be disconnected and tested separately 
with an ohmmeter to jhnd out which one is at fault. 

23-46w Obscure Troubles in Loud Speakers. — Many 
tronbles ^ch are not revealed by the usual receiver analysis 
may develop in the loud speaker. Fortunately most of these 
l<md speakm- troubles result in symptoms which are easily recog- 
nized, and they are not extremely difficult to repair. Magnetic 
type speakers (which employ a permanent magnet for the field) 
are: subject to. such troubles as weak reproduction, no reproduc- 
t^, distortion, noisy operation, rattling and rasping. In addi- 
tion to these, dynamic speakers are subject to hum and Chatter- 
is- Since all of these troubles and the methods of eliminating 
discuss! at length in Arts. 26-14 to 26-45 of Chapter 
XXVI, it is sufficient for our purpose merely to mention toam here. 

23-47. Distortion Due to Improper Speaker Phasing. — 
Many and public-address systenos employ two or three 

dynamm^^akeirs, ^ operating from the same output trans- 
Boams Wlimi p^airs mremade on such leakers, it is essential 
that then veiee toils be conneoted back properly so that they 
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operate ia the proper phase relation. When the Toice coil leads, 
or terminals, are not color-coded for identification, it is easy for 
them to become interchanged accidentally. If this should hap- 
pen, a simple test must be made in order to re-connect them 
properly, so that the voice coils and cones of all the speakers 
operate in unison, i.e., so that they are properly phased. Let us 
see why ‘^phasing^^ is so necessary. 

The illustration of Fig. 23-37 shows the results produced 
when the voice coils and cones of dynamic speakers are, and are 
not, phased properly. 

There are three speakers, 1, 2 and S, each inclined so as to 
direct sound to a region designated as ^Tistener.'^ It is not neces- 
sary that the speakers be inclined as shown; the result will be 
the same if they are all facing in one direction; the inclined ar- 
rangement is shown for easier visualisation of the action which 
takes place. Let us suppose that the voice coils of speakers 1 
and 2 are connected properly, but that of speaker S is not 
phased properly with them. 

At a given instant, the cone of speaker 1 is moving forward 
and pushing air away from the front of the cone; sig>eaker 2 is 
doing exactly the same thing in unison with 1, and is therefore 
in phase with 1; but the cone of speaker S is moving back, 
creating a partial vacuum directly in front of it. The move- 
ment of the cone of speaker 3 is therefore out of phase with 
that of speakers 1 ^d 2. 

When a cone or any other form of diaphragm vibrates, it 
pushes air away from it in front when it moves out, and ^'sucks 
in^^ air when it moves backward. For our purpose, this action 
may be considered as being similar to that of a piston moving 
in a cylinder. On the forward motion it increases the air press- 
ure in front of it, and on the backward motion it decreases the 
normal air pressure, which is normally about 14 pounds per sq. 
in. The r^ons of greatest pressure (compressions) are indicated 
in the illustration by clt^ely-^spaced lines, and the points of 
least pressure (rarefactions) are indicated by widely-spaced 
Mnes- 

Let us BOW me what happens at the repon of the lii^ener 
as a result of this improper phadug. We will consider, first, the 
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instants when compressions from speakers 1 and S reach this 
point. At these instants, the compressions, indicated by Cj and 
C*, of speakers 1 and B meet in phase with each other and 
therefore rein/orce each other. At such instants, the cone of 
speaker No. S is moving in the opposite direction, since it is out 



Eig- 23'-37. — W'iiat happens when a number of loud speakers 
operatini: from the same radio receiver (or public-address amplifier) 
are not properly ‘'phased”. At the location of the listener, the sound 
waves from speakers No. 1 and No. 2 arrive “in phase” and reinforce 
each other. Since speaker No. 3 is out of phase with these two, its 
sound waves arrive at the listener out of phase with those of the other 
speakers and tends to neutralize the sound. For. all three speakers, 
A is the “at rest” position of the cone and S is the position of the 
cones considered Mmultaneously at some other instant. 

of phase with the other two cones. Therefore, a condition of 
Tcaref action from this speaker (indicated by also reaches the 
listener. The result is that the. rarefactions produced by speaker 
S partially neutralize the compressions produced by speakers 
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1 and thus decreasing the intensity of the sound heard. Of 
course, at the instants when rarefactions from speakers 1 and 2 
reach the listener, compressions from speaker $ get there and 
partially neutralize them. It is unnecessary to go into further 
detail here concerning the effect of improper speaker phasing 
on the tone quality (remember that when two or three loud- 
speakers are employed in receivers, each one is designed to re- 
produce only a certain portion of the audio-frequency range). 

The plimger action of the speadter cone as described here 
is true cmly for the lower audio frequencies; at the higher fre- 
quencies the mode of vibration of the cone does not exactly follow 
plunger action, so severe distortion of the resulting sound may 
take place if the speaker cones are not properly phased; i.e., con- 
nected so that they all move in the same direction at the same 
time. 

In cases where only two loud speakers are operated in the 
same room from the same receiver or public-address system, it is 
quite conceivable that objectionable cases of neutralization of the 
sound waves may result if the voice coils are not properly phased. 
Neutralization of the sound waves gives rise to dead spots, Th^e 
are locations in a room where little or no sound from the loud 
speakers is heard. This action may also produce regions in the 
room where the little sound that is heard is so distorted that the 
intelligent interpretation of sjjeech is impossible. 

23-481 Phasing Dynamic Speakers^ — To ascertain whether 
or not the voice coils of multiple loud speakers are properly 
phased, the speakers may be removed from the cabinet but left 
connected to the reeeiver so that the movement of the cones may 
be observed, rnie receiver should be turned off. A small 4%- 
volt C battery (or an ordinary 1%-volt dry ceU) should then be 
connected either in parallel with, or in series with, the main sec- 
ohdary winding of the output transformer which feeds all the 
voice coils of the speakers (see Fig. 31-16). At the mom^t 
electrical contact is made, all the cones should move in, or out, 
together. The direction of motion when this is done may be 
determined by placing the fingers lightly against each speaker 
cone, in turn, and feeling the movemeat of the cone. If the cone 
of one sp^fliker moves m while the others move out, the voice 
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coil of the former one is out of phase. The remedy for a two- 
speaker installation is to reverse the connecting leads to the voice 
coil of either of the speakers. When three speakers are employed, 
the leads to the voice coil of that one which is out of phase should 
be reversed. 

23-49. Radio-Phonograph and Phono Pickup Troubles. 

The rubber-damped magnetic phonograph pickup is very widely 
employed in commercial combination ^^radio-phono^^ receivers. 
This type of pickup operates on much the same principle (re- 
versed) as the magnetic speaker. The unit here is somewhat 
similar, except for the addition of rubber damping pieces and a 
device (called the stylus) to hold the phonograph needle to 
the armature. The magnetic pickup is essentially a miniature 
alternating current generator, having a vibrating armature in 
place of a rotating member. The vibrations of the armature are 
produced by the movement of the needle (fastened to the arma- 
ture) caused by the irregular grooves of a rotating phonograph 
record. Since the armature vibrates between the pole pieces of 
a strong permanent magnet, the variation of the magnetic field 
in the gap cuts the many turns of wire of the small coil which is 
also mounted in the field of the magnet and through which the 
armature passes. The alternating voltage generated in the pick- 
up coil. by this action is fed into the audio amplifier of the re- 
ceiver and amplified. (A description of the construction and ar- 
rangement of the various parts in a typical rubber-damped mag- 
netic phono pickup is presented in Art. 26-47 of Chapter XXVI.) 

Low volume, distortion and ^*rattling^^ observed only when 
the phonograph section of a radio-phonograph receiver is oper- 
ated, may usually be traced to some fault in the pickup. The 
repair of common pickups used in radio-phono combinations will 
be discussed in Arts, 26-48 to 26-52 of Chapter XXVI. Improper 
tontable ^peed alignment are also causes of distorted phono- 
graph reproduction. The method of ascertaining the speed of 
phont^raph motors and the procedure to follow in aligning them 
will hfi in Arts. 26-53 to 26-54. 


REVIEW CtDESTIONS 

sensitivity in a receiver, 

IX all tke tubes test perfect and the voltages are normal. 
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2. Suppose you are testingr a t-r-f broadcast band receiver and 
obtain good reception only at the high-frequency end of the 
dial. What would you attribute the insensitive condition of the 
receiver at the low-frequency end of the dial to? How would 
you check this? 

3. Describe the construction of a tuning wand. Explain how it is 
used. 

4. You find that a broadcast superheterodyne receiver is insen- 
sitive on the higher frequencies. To what could this condition 
be due, and how would you determine the cause definitely? 

5. What is meant by “degeneration’* in an amplifier? Explain its 
possible cduses. 

6. Mention 6 possible causes for oscillation in a radio receiver, 
in which the audio amplifier is known to be normal. 

7. What recognizable symptoms accompany oscillation in t-r-f 
receivers? Describe a simple test for detecting the oscillating 
condition definitely. 

8. How would you locate and eliminate the cause of whistles which 
are heard over the entire tuning range as a t-r-f receiver is 
tuned from station to station? 

9. State the various types of interference it is possible to en- 
counter in superheterodyne receivers. 

10. State 6 conditions that may cause a station to be received at 
more than one point on a superheterodyne receiver? What is 
this trouble called? State briefly how you would go about 
eliminating it. 

11. What is the main purpose of the usual tuned r-f amplifier 
stage, ahead of the mixer stage? Explain how it accomplishes 
the desired result. 

12. What is the relation between image-interference and double- 
spot tuning? 

13. What steps would you take to remedy a condition of code inter- 
ference in a superheterodyne? 

14. What is a band-pass antenna circuit? What is an “acceptor” 
circuit? 

15. What is meant by modulation bum? 

16. How would you determine definitely whether a certain r-f stage 
was producing modulation hum? 

17. State 4 possible causes for such hum. 

18. How would you proceed to minimize, or eliminate it for each 
of the causes you mentioned? 

19. Discuss the complete procedure for locating the cause of steady 
hum in a radio receiver. Mention 10 possible causes for this 
condition. 

20. Why should all a-c leads he kept away from the detector tube? 
WTiy is the detector tube particularly criiacal in tMs respect? 

21. A receiver is reported to be troubled by ^‘fading**. How would 
you doteimine definitely whe’&er the fading is due to some con- 
dition in the receiver, or to natural fading of the transmitted 
signal due to transmission peculiarities? 

How would you proceed to determii^ the cause of “fading” In 
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tlie receiver, when the foregoing test shows definitely that it 
is not due to transmission fading of the signal? 

23. What tests would you make on an antenna system in order to 
reveal possible causes for intermittent reception? 

24. Suppose you are testing a superheterodyne receiver, and find 
that intermittent reception occurs between 560 and 650 kc but 
not above 1,000 kc? What would you suspect to be the cause 
for this? State your reasons. 

26. Why is it more desirable to check a receiver for intermittent re- 
ception in the shop instead of in the home of its owner? 

26. If the resistors and condensers in a receiver^ tested normal 
with the set turned off, and you were certain that one of them 
was defective, what expedient would you use to simulate op- 
erating conditions with the set turned off? 

27. Explain just how you would examine the wiring and joints in 
a receiver for poor' contacts. 

28. Explain your method of re-soldering a poorly made joint, or a 
*Vosin” joint that is suspected of causing intermittent recep- 
tion. 

29. What would be the best conditions under which to visually 
examine all the parts of a receiver to locate any possible arcing 
or sparking which might be causing noisy or intermittent re- 
ception? 

SO. How would you check a variable-resistor volume control for 
possible causes of intermittent reception? 

31. Expain how adding a pig-tail lead on the rotor of the main 
tuning condenser in a receiver might remedy intermittent op- 
eration caused by the r-f circuit oscillating. 

32- Explain how noisy or intermittent reception may be caused by 
pee^g of tbe plating employed on the plates of the variable 
tuning condensers used in the r-f tuning sections of some re- 
ceivers. What operation peculiarity would lead you to suspect 
this as a cause of the trouble? 

33. Explain how you wo^d use a test oscillator to find out defin- 
itely whether intermittent reception in a particular superhet- 
erodyne receiver was due to trouble in the stages ahead of the 
second detector, or in those following the second detector. 

34. E^Iain how you would proceed to check each a-f stage, and 
the loud speaker separately in the foregoing receiver, if the 
oscillator test shows definitely that the cause of the intermit- 
tent reception lies in this portion of the receiver, 

36. W^t are the most frequent causes for “microphonics” in a 
radio receiver? Describe 3 simple remedies to overcome this 
trouble. 

36. Discuss, briefly, 5 causes for weak and distorted reception 
caused by some fault in an audio amplifier. 

3T. You find a ‘^positive” grid bias on a tube in a transformer- 
coupled audio stage- In your opinion, what is the most prob- 
able rause for such a condition? The same symptom is ob- 
served m a resi^nceeoupled stage. What would be the most 
probable cause m this case? 

3a What trouble symptom would a leaky coupling condenser in a 
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resistance-coupled a-f amplifier cause in a receiver? Explain 
why? 

39. What is meant by a direct-coupled amplifier? Draw a schem- 
atic circuit dia^am of one and explain its operation. 

40. Explain the difference between Class A, Class B, and Class AB 
amplification. 

41. What is a ^'driver tube?*' 

42. What is meant by the ‘^power sensitivity” of a power output 
tube? 

43. What is the purpose of operating- two Class B mnplifier tubes 
in push-pull? Explain how the push-pull arrangement accom- 
plishes this purpose. 

44. Can the same input, output, and power transformers be used 
in a Class A and Class B amplifier? Why? 

46. What is the advantage of the Class AB type of anyplifier when 
used in the output stage of a household receiver? 

46. Explain the reason for using a separate rectifier-filter system 
for supplying bias voltage to the Class B amplifier output 
stage in some receivers. 

47. By carefully tracing out the paths of the plate currents in <B) 
of Pi^. 23-28, explain exactly how the input tube section ob- 
tains its negative grid bias in the direct-coupled amplifier tube 
shown. 

48. How would the operation of the input tube section in this direct- 
coupled amplifier tube be affected if the cathode emission of the 
second section only was to decrease greatly due to some cause? 
Explain ! 

49. Explain the operation of the meshed duo-grid tube (shown in 
Fig. 23-29) as a detector. 

50. What trouble symptom would result in a receiver employing 
the detector arrangement of Fig. 23-29 if (a) the grid leak re- 
sistor was to become open-circuited; (&> the grid condenser 
was to become open<e^euited; (c) th.e grid condenser was to 
become short-circuited? Explain fully in each case. 

61. Draw the circuit diagrams, and explain the operation of, three 
different arrangements for tone control. Tell what possible 
troubles can occur in each type, and what the receiver symp- 
toms would be in each cas e. 

52. What trouble ^nnptom would be apparent in a receiver em- 
ploying tbe volume control arrangement of Pig. 23-31, if re- 
sistor became open-circuited? Explain! 

58. What abnormal condition, noticed when the screen-grid voltage 
was checked, would make this trouble apparent? 

64. Explain how you would proceed to determine quickly, without 
the use of testbig eqpiipment, whether weak and distorted re- 
production in a receiver employing a dynamic loud speaker is 
due to a partially short-circuit^ output transformer secondaiy 
or speaker voice coil. What result would he obtained in this 
test, ^ the winding and coil are in perfect condition? 

56. Why would the test employed in question 54 not be reliable 
in the case of loud speakers employing a single-turn low-re- 
sistance voice* “CM)!!? 
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ALIGNING AND NEUTRALIZING T-R-P RECEIVERS 

24-1. Necessity for Realignment.— Many of the millions 
of t-r-f receivers which have been manufactured are still being 
used, and servicemen are constantly being called upon to service 
tiiem. It is evident that maximum sensitivity and selectivity 
cannot be obtained from any t-r-f receiver having single-dial 
tuning control unless the tuned circuits are properly lined up- 
each tuned circuit is tuned to exactly the same frequency at any 
setting of the tuning dial. If one or more of the stages tunes to 
a higher, or lower, frequency than the rest, that stage will not be 
timed to exact resonance with the signal the others may be tuned 
to and eons^uently lower amplification and loss of selectivity 
r^t. Of course, the tuning circuits of t-r-f receivers are 
aligned properly at the factory when manufactured, but there 

adjustments do not hold indefinitely. 

The coils of the tuned circuits may absorb moisture, they may 

S perhaps shift their position in the 

^eld CM sh^tly If tte receiver is jarred. Any of these changes 
^ tend to c^ge the uiductance of the coils slightly, thereby 
unbalanc^ tbe tuned circuit. However, this may be 
wmpensated for to some extent by adjusting the tuning con- 
W The small trimmer condensers used across I 

canadtvset^ff^f certainly do not maintain their 

^a^ set^ for long periods of time and are subject to varia- 

trimmers, caUed smt- 
hold their setting in most instances because 
set up in this plate during 

periodic changes m temperature and humidity, vibration and 

OT2 • 



CH. XXIV ALIGNING & NEUTRALIZING T-R-F RECEIVERS 683 

aging, just as a strained spring will lose its tension if left exposed 
to the elements for a long time. This will also tend to imbalance 
the tuned circuit. 

Changing a tube will often necessitate realigning a tuned cir- 
cuit in some t-r-f receivers. The reason for this is apparent when 
it is known that the effective tuning capacity in a timed circuit 
is the sum of the tuning-condenser capacity, the distributed 
capacity of the coils, the stray capacity of the wiring, the capac- 
ity of the socket of the stage under consideration, and the input 
capacity of the tube. Tubes of the same type but of different 
manufacture often have different internal capacities, and, while 
the differences are small, their effect (especially upon short-wave 
circuits) may be such as to appreciably decrease the sensitivity 
of a receiver. 

It is not well appreciated by the average serviceman that 
the input capacity of a tube is not just merely the capacity from 
grid to filament. The effective input capacity of a tube depends 
upon the grid-filament capacity, the amplification factor of the 
tube, the grid-plate capacity, and the load impedance. This is 
an important consideration in triodes, for any change in load im- 
pedance will be reflected Ihrough the tube to the input circuit, 
and manifest itself by a change in effective tube capacity. In 
tetrodes and pentodes, the grid-plate capacity is so small that 
the dfective input capacity is about equal to the grid-filament 
capacity. 

The gang tuning condenser itself is not immune from causing 
variations in capacity with time. In these condensers the shaft 
carries the rotor plates, and the shaft rests in bearings, which 
may or may not be of the ball-bearing type. Usually, only the 
front bearing is of the ball type. In any event, friction in the 
bearing will gradually cause it to wear down, ehan^ng the posi- 
tion of the rotor plates with respect to the stator, and changing 
the capacities of the individual sections. If this change in posi- 
tion is permanent, the tuned circiuts must be realigned, especially 
if the receiver is very ^ective. 

24-2. Realignment of Timing Circuits* — Because the dis- 
tributed and fiia^y capaciii^ in the tuned circuits are invariably 
somewhat different for every stage m the receiver, some meaxyi 
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mi^t be used to make them all equal and to keep the total cap- 
acity of each stage exactly equal to that of every other stage 
throughout the entire timing range of the receiver. The process 
of making them equal is commonPy called balancing, lining uv 
aligning, or synchronizing. 

The alignment of some of the older receivers must be accom 
plished by adjusting a number of small, variable, built-in com- 
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circuits. It is important to note here that practically all of the 
gang-tuning condensers used in standard-broadcast band re- 
ceivers are provided with trimmer condensers. Those in all-wave 
receivers usually do not have trimmers built into them because 
all-wave receivers use separate t unin g coils for each band^ hence 
a different trim m er capacity is required for each coil that is used. 
Consequently, each tuning coil of these receivers is usually pro- 
vided with its own trimmer condenser mounted near it. (See 
Chapter XXIVIII for further details regarding all-wave receiver 
tuning circuits.) 

24-3. Uses of the Trimmer Condensers and the Split 
End-Rotor Plates. — ^The trimmer condensers connected in par- 
allel with each section of the main timing condenser are used to 
equalize the capacities of the different tuned circuits that are 
being lined up. The shunt trimmers are most effective at the 
low-capacity settings of the tuning condenser; they are least 
effective on the high-capacity settings. The reason for this may 
be seen by studying the electrical constants of a tuning condenser 
section and its trimmer in a modem receiver. The tuning con- 
denser has a maximum capacity of 450 mmf d., and a minimum 


Fig. 24-2. — A 5-gaiig 
tuning condenser. Five 
sets of rotor plates are 
rotated simnltaneously by 
a single common shaft. 
The groups of stator 
plates are insnlated from 
each other. Notice the 
slotted rotor plate at the 
end of each section. 
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capacity of about 11 mmfd. Its trimmer has a maximum cap- 
acity of 20 mmfd. and a minimum capacity of 3 mmfd. Assume 
the trimmer to be set at its minimum capacity setting, and fur- 
ther assume that the tube and stray capacities, and the distrib- 
uted capacity of the tuning coil, aH add up to about 20 mmfd. 
The maximum capacity in the tuned circuit is then 450 + 3 -f- 
20 = 473 mmfd. ; and the minimum is 11 3 -j- 20 == 34 mmfd. 
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(Notice that the trimmer has a maxim um capacity equal to 
about half the total capacity in the circuit at the lowest-capacity 
setting of the main tuning condenser.) At the highest-frequency 
iminimum-capacity) setting of this particular timing con- 
denser, the trimmer condenser is able to change the circuit 

capacity by — X 100 = 50% (which ■ corresponds to 

about an 18.5% shift in frequency). At the lowest-freqitency 
irnaxirnurn-capacity) setting of the tuning condenser, the trim- 
mer condenser is able to change the circuit capacity by only 

X 100 = 3.6% . From this example it is evident that 

the trimmer is most effective in changing the natural frequency 
of the tuned circuit at the low-capacity settings of the main tun- 
ing condenser. 

Since the tuning condensers of the older broadcast band t-r-f 
receivers are not provided with slotted end plates, these receivers 
can be balanced at hut one point on the dial. This is generally 




— ..w .... eva m NX. 
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slotted rad-plate on each section of a gang tuning 
“4.^® provided on thil partioulaf 


^ receiver tuned to a test oscillator signal at about 

or 1,000 kc. (approximately 60 on the tuning dial) If the 
ahgnm^t is “off” at each end of the dial, nothing much can be 
dtme about it. If some particularly desired station that comes 

Lt is received poorly, the receiver 

b^ced at the frequency of this station instead, so 

Of if this is done, it is 

that stations at other, points on the dial will then 
be received with less sensitivity and volume th.^T» before. 
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Wiien a fan-cut (split) rotor plate is provided on each section 
of the gang tuning condenser, the circuits may be aligned exactly 
over the entire timing range. In some of these condensers, ad- 
justment is accomplished by simple bending of the fan-plate 
sections in or out with a short, insulated rod. Since it 
is rather difficult to bend the segments delicately and accurately 
by hand, some t-r-f receivers employed a gang condenser with 
a set-screw arrangement as shown in Fig. 24-3. The set screws 
pass through a solid plate fastened to the rotor shaft, and are 
mounted so that the end of one screw presses against one seg- 
ment of the split end-rotor plate. By turning the screw, the seg- 
ment it rests against can be pushed in or out from the adjacent 
stator plate by a very small amount, thus altering the capacity. 
The screw is then locked in place to prevent it from turning due 
to vibration from the loud speaker. Adjustment is usually made 
with the receiver tuned to frequencies corresponding to the num- 
ber of slits in the rotor plate. The five positions of the rotor (and 
the frequencies) at which these adjustments are made, are shown 
in the illustration. 

The purpose of the split rotor plat^ is not to line up the 
tuning circuits at the minimum siting of the tuning condenser, 
but to compensate for small capacity variations throughout the 
range of the tuning cond^iser. The fact that the tuned circuits 
of selective receivers must be lined up exactly over the entire 
scale may be appreciated if it is realized that many radio manu- 
facturers make provisions for adjusting the tuning capacities so 
that the frequency difference between the various tuned circuits 
timed by the sections of the gang condenser may be kept as low 
as a fraction of one p^ cent at any setting. 

24-4. Location of Trimmer Condensers. — ^In most com- 
mercial receivers, the compensating or ^Trimmer^^ condensers for 
the tuned r-f circuits are located at the top, side, or bottom of 
the tuning gang. In a few receivers, however, these aligning con- 
densers are mounted above or under the chassis. In the latter 
instance the adjusting screws or nuts are accessible through an 
opening in the chassis. Each trimmer condenser usually consists 
of a fixed plate (which may be the grounded metal frame of the 
condenser gang)* and an adjustable plate of springy metal sep- 
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arated from the fixed plate by a thin piece of mica, as shown in 
Fig. 24-1. 

24-5. Preliminary Considerations before Alignment. — In- 
correct alignment in t-r-f receivers is usually evidenced by loss 
of sensitivity and poor selectivity at least over part of the tuning 
range. Since many other troubles can produce these same oper- 
ating symptoms in this type of receiver, the logical thing to do 
first when such symptoms are noted is to check the tubes and 
check the entire receiver with a suitable analyzer. This does not 
take long in t-r-f receivers. Any tubes which test weak should 
be replaced, and the set should otherwise be restored to best op- 
erating condition electrically. If the same symptoms still per- 
sist after this is done, the tuned circuits may be suspected of be- 
ing mis-aligned. 

Before mahing any adjustments on them, it is tuise to deter- 
mine the accuracy of the existing alignment. This may be done 
by supplying a signal to the receiver (preferably from a test 
oscillator) and inserting the ‘^tuning wand’’ of Fig. 23-3 into the 
various tuning coils, as explained in Art. 23-5. If the receiver 
alignment is correct, the insertion of either end of the wand will 
cause a reduction of the receiver output; whereas, if the individ- i 
ual circuits are not exactly in tune or resonance with the incom- ^ 
ing signal, one end will bring about an increase of the signal and I 
the other end will cause a decrease. When an increase in signal 
is obtained with the iron-filled end of the wand, it indicates that 
there is insuflicient inductance or capacitance in the circuit. The 
reverse is true if a gain in signal is obtained when using the brass 
cylinder end of the wand. In either case, if the signal strength 
changes appreciably, the receiver should be realigned. 

24-6. Use and Connection of the Test Oscillator. — The 
aligning process consists merely of supplying steady r-f signals 
to the input terminals of the receiver, tuning the receiver to this 
frequency, and varying the setting of whatever alignment adjust- 
men^ are provided until maximum output is obtained from the 
r^^ver. This process is usually repeated for several input fre- 
quencies, covering the full tunin range of the receiver. The use 
of a calibrated test oscillator for supplying the input signal dur- 
ing the aligning process is essential for accurate alignment. Since 



<CH. XXIV ALIGNING & NEUTRALIZING T-R-F RECEIVERS «89 


the reasons for this were explained in detail in Arts. 15-1 and 
15-2 (Chapter XV), they will not be repeated again here. If the 
reader is not familiar with them, he should refer to them at this 
time. The test oscillator should be considered as a convenient 
■calibrated source of steady signals whose strength and frequency 
-can be varied to the desired values at will. 

The aerial wire is first disconnected from the Ant. post of the 
receiver, so that broadcast signals will not interfere with the 
signal of the oscillator. The shielded cable supplied with most 
test oscillators (see Chapter XVII) should now be used to con- 
nect the output of the oscillator to the input terminals of the 
receiver. The Ant. terminal of the oscillator (the inside wire in 
the shielded cable) should be connected to the Ant. post of the 
receiver (or to any other point specified by the receiver manufac- 
turer. The outer shield of the shielded cable, which usually 



Pig. 24~4. — ^Arrangement of the test oscillator, radio receiver and 
output indicator for aligning the tuned circuits in a single-dial t-r-f 
receiver. The oscillator feeds signals of the desired frequencies to 
the receiver. The output meter indicates the relative output of the 
receiver -when the capacity adjustments provided in the receiver are 
varied. "When these adjustments are set properly so that the output 
of the receiver is maximum, at each of the aligning frequencies, the 
tuning circuits have been aligned properly. 

serves as the Gnd lead from the oscillator, should be connected 
to the Gnd terminal of the receiver. These connections are shown 
in Fig. 24-4. 

24-7. Use and Connection of the Output Indicator. — ^The 
use of some form of output meter or indicator is well established 
as the proper way of accurately judging the output of a receiver 
during alignment. The reasons were explained in detail in Art 
7-1 of Chapter Vll. T%e reason is simply that the human ear 
cannot detent as small a change in volume as can readily be seen 
on an output meter. As a matter of fact, a deflecHon of 5 or more 
full divisions on the scale of a meter-type output meter is re- 
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quired before a change in volume is noticed by the average ear. 
Since the gain in volume may amount to an increase of only a 
fevr divisions on the output meter for each stage adjusted, it is 
obvious that an output indicator must be used if each stage is 
to be brought up to its best operating point; the sum total of 
several stages which are improved a few divisions each, can, how- 
ever, be noticed readily by the ear, since this total may amount 
to 30 or 40 divisions on the output meter. This is especially so in 
the case of very selective receivers. Of course, any of the vari- } 
ous types of output indicators described in Chapter VH are suit- I 
able for this purpose. ; 

't 

The output indicator may be connected to the receiver in ? 
any one of several ways, depending upon the type of output stage ? 
and loud speaker arrangement. These methods have been fully i 
discussed and illustrated in Chapter VII for each type of output | 



Fig. 24-5. — (A) | 

Wafer adapter made tof] 
slip over the prongs of | 
the power tuhe so that;| 
a connection can 
made to the “plate^'j^ 
terminal only. Ill 

(R) Another simple ;! 
adapter made so that 
hole H may be slipped 
oyer the plate prong of 
the power tube. 


mdicator and will not be repeated here. If the output indicator 
is connected from the plate of the output tube to ground, a 
wafer type “plate lead output adapter" such as is illustrated at 
Fig- 24-5 should be used. These adapters may be pur- 
chased ready made, or may be made from a wafer socket with its 
cento cut M that it slips over all of the prongs of the tube except 
the “plate” prong. A lead is brought out from the plate terminal 
of the socket, as shown, for connection to the output meter. A 
^ple adapter designed to be slipped over the plate prong of 
the power tube is shown at (B) . 

24-8. Aligning Procedure for Ordinary T-R-F receivers. 

After the test oscillator and the output meter are connected 
properly, both the receiver and the test oscillator should be turned 
on and allowed to warm up for at least 5 minutes. 
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The usual types of t-r-f receivers have two stages of tuned r-f 
amplification, a detector, and two stages of audio amplification. 
They are not complicated with AVC or QAVC systems, and are 
therefore easy to line up properly. If the receiver is a very old 
one and contains trimmer condensers but no slotted end plates, 
the best that can be done with it is to align it by adjusting the 
trimmers at a single frequency which is tuned in at about 50 on 
the dial, imless the customer especially desires to hear some 
particular station toward either end of the dial — ^in which case 
the alignment is performed at a frequency near this dial setting. 
If the receiver is of modern construction and is provided with 
both trimmer condensers and slotted end plates for alignment, the 
following procedure should be employed: 

Adjust the oscillator frequency-control so that the oscillator 
produces a signal having a frequency equal to the highest that 
the receiver is able to receive. Now, with the volume control of 
the receiver set at its “maximum volume” position, tune the 
receiver carefully to the signal and frequency of the oscillator, 
meanwhile adjusting the attenuator control of the oscillator so 
that when the receiver is timed exactly (as evidenced by a “maxi- 
mum” reading on the output indicator), a reading equal to about 
% of full-scale deflection is obtained on the output meter. The 
output indicator deflections or indications are arbitrary, and are 
watched during the aMg^ment process mei^y to find out when 
“maximum” output is obtained in each case. It is important to 
use the lowest practical power from the oscillator which will per- 
mit the alignment procedure to be started. 

Now, starting at fee seqtioii of fee gang condenser which 
tunes the detector stage, adjust its trimmer until the output meter 
indicates fee ma^mwn output that can be obtained, then retune 
the main receiver tuning dial slowly, rocking it back and forth 
a few diviifions, until maximum response is obtained. Now adjust 
the detector trinamer cond^iser again for final maximum response. 

Attention must now he directed to fee next r-f tuning con- 
denser and trimmer, ahead of fee detector stage. Leaving bofe 
fee oscillator and receiver dials set ^actly where they were left 
after fee adjustm^t of the detector trimmer (this is im- 
portant), adjust fee second r-f tnmmer fm- maximum response 
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on the output indicator. If the indicator reads too high, turn 
down the attenuator on the oscillator, not the volume control on 
the receiver. Now rock the tuning dial slowly until maximum 
response is obtained and carefully make the final adjustment on 
the trimmer. Eepeat this for the remaining r-f trimmers. The 
adjustments for the high-frequency setting of the receiver are 
now completed. At this frequency the first segments of the 
slotted rotor plates are usually just about in mesh with the stator 
plates, these first segments should not be touched. 

Now turn the tuning condenser of the receiver until the second 
(second from the meshed ones) segments of the tuning condenser 
sections are fully in mesh. Adjust the oscillator frequency until 
maximum output from the set is indicated. Now vary (slightly) 
the position of the second meshed segment of the detector-tuning 
section of the gang condenser, and notice the effect on the reading 
of the output meter. Adjust the position of these segments care- 
ftilly with an insulated tool (or merely a wedge-shaped stick of 
wood) , until the output meter reading is greatest. Do not use a 
metal tool for bending the segments, since the capacity to a metal 
tool may vary the results. Do not touch the trimmer condensers. 
After shifting the segments, one by one, for greatest reading, 
^‘rock’^ the receiver dial carefully, and readjust again. When you 
have finished with a segment, be certain that, for the frequency 
tuned in, the greatest output meter reading is obtained. 

Now turn the tuning condenser of the receiver until the third 
segments of the tuning condenser sections are fully in mesh, and 
proceed to align the receiver in this position, employing the same 
procedure as was just employed for the second segments. Then 
proceed to align with the remaining segments meshed in turn, 
until tlie job is completed, being careful not to disturb the set- 
tings of the trimmer condensers. 

Usually, <h.e fan-shaped end-rotor plates are made with five 
OF six segments. If reliable information from the receiver manu- 
facturer is at hand, specifying the exact frequency at which each 
segment is to be adjusted, then the alignment should be carried 
out at these exact frequencies instead of at the segment positions | 
just specified. One prominent t-r-f receiver manufacturer has ? ^ 
emplojred condenser gangs which had each end-rotor plate ci^t | 
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into five segments, and recommends the following fre- 
quencies at which adjustment of the segments are to be made: 
1,120 ,840, 700, 600 and 550 kc< The positions of the segments 
for these frequencies are illustrated in Fig. 24-3. 

24-9. Checking the Alignment. — After the alignment has 
been completed in accordance with the foregoing instructions, it 
should be checked. To do this, turn off both the receiver and the 
oscillator- Disconnect the oscillator and the output indicator 
from the receiver. Reconnect the aerial wire to the receiver, 
and tmn the receiver on again. Test its ability to bring in sta- 
tions over the entire dial, judging its performance by the loud- 
ness of the stations brought in and the sharpness with which it 
is able to tune them in and out. 

An excellent test to determine if a t-r-f receiver has been 
properly lined up is to tune in a loud local station carefully and 
notice if it comes in at only one point on the dial. If the circuits 
are out of line, a loud station may be tuned in at, say, 47 and 50 
with about equal volume; the response midway, at 48%, will be 
low. If such is the case, then the circuits are out of line. This 
phenomenon was explained in Chapter XXIIII, Art. 23-4. The 
alignment may also be checked by means of the ‘Tuning wand”, 
as described in Art. 23-5. 

24-10. Aligning T-R-F Receivers Having Cam-Operated 
Timing Condensers. — It should be noted at this point that al- 
though the alignment of most t-r-f recovers employing gang 
condensers of the common type may be carried out as described 
here, there are some receivers which, due to their peculiar con- 
struction, may present individual problems which modify the 
alignment procedure somewhat. The manufacturers of these 
receivers recognize this fact and their servicing instructions quite 
generally carry complete information as to how the tuning units 
are to be aligned. After a certain amount of experience has been 
obtained in this work, the particular alignment method which is 
most suitable for any radio set will usually be obvious on inspec- 
tion, and experience is perhaps the best teacher. Special details 
concerning the alignment of receiver employing two of the most 
common special arrangements will now he explained. 

Several t-r-f models of the Victor Micro-Synchronous receir- 
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ers (among which are the R-35, R-39 and RE-57) employ a con- 
denser gang whose stator sections are attached to a cam roller so 
arranged as to engage a large cam wheel which is actuated by 
the tuning drive. Inside of the cam wheel are five groups of five 
screws each. The end of each screw presses against a copper 
band held aroimd the cam wheel by a coiled spring. By adjust- 
ing these screws, the copper band may be forced out or in, thus 
varying the action of the cam roller at different points. Since 
the stator sections of the condenser gang are semi-variable, the 
condenser gang may be aligned accurately over the entire tuning 
range. The first screw of each group is adjusted for maximum 
output at 550 kc, the second screw of each group at 710 kc, the 
third at 1,000 kc, the fourth at 1,300 kc, and the fifth screw of 
each group at 1,500 kc, by means of a test oscillator and output 



Courtesy A.twater Kent 

Fig. ^-6.— Top-end view of a typical single-dial t-r-f receiver 
employing individual tuning condensers belted together by means of 
pulleys and flexible metal belts. The method of tightening the pulley 
set-screws after the condensers have been synchronized is shown here. 

indicator so that the receiver will be aligned properly over the 
entire tuning range. 

24-11. Aligning T-R-F Receivers Having Belted Individ- 
ual Tuning Condensers. — number of models of single-dial 
t-r-f receivers which enjoyed a wide sale during the period in 
which they were popular, did not employ a gang condenser. In- 
stead, th^ were tuned by individual tuning condensers coupled 
toge^er by a puUey-belt arrangement, as illustrated in Fig. 24-6, 
Ki that they could all be operated simultaneously by a single 
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timing dial. Tliousands of these reoeivers are still in operation 
and radio service men are still called upon to service them. The 
old Atwater Kent receivers are typical of t.hi« type. 

In order to re-synchronize the variable condensers on these 
belted-type receivers as well as can be done at one point on the 
dial (around the middle) , it is necessary to loosen the set-screws 
or binding nuts holding each pulley to its condenser shaft and 
adjust the position of the rotor of each timing condenser separ- 
ately to produce maximum output when a 1,000 kc modulated 
signal is fed to the receiver by means of a test oscillator. The 
pulley screws are then tightened, and, if the condensers and the 
r-f transformers are properly matched, the synchronism should 
be good at all points on the dial. If the synchronism is not good 
at other points on the dial, as evidenced by weak reception, 
either the condensers or the r-f coil group are not properly 
matched. In this case a new condenser group or a new r-f trans- 
former group (as necessary) should be installed and the con- 
densers should be re-synchronized. 

24-12* Necessity for Neutralization in T-R-F Receivers. 
— ^It is not infrequent for a t-r-f receiver to be completely free 
from oscillation when its tu ni ng circuits are out of alignment, and 
to oscillate more or less violently as soon as the tuned circuits 
are nearly aligned. When this occurs, the alignment procedure 
must be stopped and the receiver neutralized (see Art. 24-17) ; 
then the entire alignment must be performed again. If the re- 
ceiver breaks into oscillation a second time, the neutralization 
must be repeated. It is seldom, however, that the alignment and 
neutralizing procedmes need be repeated more than twice. 

24-13. General Metihods of Suppressing Oscillation. — ^It 
was pointed out in Art. 15-7 in Chapter XV that oscillation takes 
place because of the transfer of energy from the plate to the 
grid circuit of a tube, either inductively or capacitatively. It 
was further emphasized that a primary requisite for oscillation 
is that the energy induced in the grid circuit must be sufficiently 
large to overccme ihe losses in the grid circuit. 

This latter requisite has served as a basis for a very simple 
method of preventing oscillation in a number of models of old 
t-r-f receivers — resistance of about 1,000 ohms was connected in 
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series with the tuned circuit and the grid of the tube. Normally 
the energy fed back is never great enough to supply the losses 
in this resistor, so oscillation never takes place. For obvious 
reasons, this method is commonly called the losser method. How- 
ever, oscillation in triode is more prevalent at the higher fre- 
quencies than at the lower, for the reason that energy is fed back 
via the grid-plate capacity ordinarily, and the reactance of this 
'^capacity” becomes smaller as the frequency is increased. Since 
oscillation tendencies are stronger at the higher frequencies, 
the losser resistance was designed to suppress all oscillation at 
the high-frequency end of the tuning range of the receiver. Con- 
sequently, at the low-frequency end, more losser resistance than 
was necessary to prevent oscillation was in the circuit and the 
signal strength was low. 

This limitation gave rise to several circuits which attempted 
to balance out, or cancel, the energy in the grid circuit that was 
fed back from the plate circuit; such circuits are commonly 
called balancing or neutralizing circuits. Several such circuits 
are shown in Figs. 24-7, 24-8, and 24-9, and will now be described. 

24-14. The Bridge Circuit for Suppressing Oscillation. 

Figure 24-7 shows the essential circuit arrangement of what was 

— 'The or 

bridge type of neiitrali2sing ap- 
plied to an r-f stage of a t-r-f 
receiver- is the grid-plate 

capacity of the tube. C, is the 
neutralizing condenser. 

a very popular balancing circuit, employed in early t-r-f receiv- 
ers. The secondary of the tuned circuit of the stage to be bal- 
anced is iS, and point C is a tap on the coil, usually the ' center 
of the coil. Condenser Ct is the inherent grid-plate capacity of 
tile tube, shown dotted, and C% is another condenser (the net^ 
iraMssmg ccmdenser) coimected as shown. 

A study of this diagram reveals that any alternating voltage 
in ih& plate circuit cannot be communicated to the grid circuit, 
for the foEowing reason: If C is the center of the coil and €» 
i® equal to C]t^ then any disturbance in the plate circuit wiE nriAlr A 
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end A of the coil of the same potential and of the same polarity 
as end B. This means that the plate circuit disturbance does not 
cause any difference of potential across the terminals of the coil. 
Therefore, since no energy is fed back to the grid circuit, the 
circuit cannot oscillate. Similarly, any disturbance in the grid 
circuit cannot affect the plate circuit through the capacities be- 
cause whatever potential the plate receives through Ci from this 
disturbance is balanced out by an equal and opposite potential 
through Ci. If C is not the center of the coil, then Cm must be 


Fig. 24-8. — The “plate” 
neutralization. Its action is fun- 
damentally the same as the “grid” 
type of Fig. 24-7. This is also 
called the neutrodyne circuit. 


increased proportionally. In other words, the stage is balanced 
when the ratio of Cx to Cm is equal to the ratio of the number of 
turn? from BC to CA. 

The distinct advantages of this system, theoretically, is the 
fact that, once balanced, the system will not oscillate over a wide 
range of frequencies. This system is also known as the bridge 
method of balancing because condensers Ci and Ci and ihte two 
sections of the coil BC and CA form the four arms of a Wheat- 
stone bridge arrangement. It is to this chrcuit that the term 
balancing is applied. Since oscillation is balanced in the grid 
circuit, it is also referred to as the pr£d form of neutralizing. 

24-15. The Neutrodyne or Plate-Ncutralhfed Circuits for 
Suppressing Oscillation. — ^Neutralization may be effected in 
the plate as well as in the grid circuit. Coil AC of Kg. 24-8 i» 
the normal primary of an r-f transformer. If more turns (as CB} 
are added to the primary, point B will be opposite in polarity to 
point A at all times; and if AC equals CB, then point B will he of 
the same potential as point A, as well as of opposite polarity. The 
neutralizing condenser C* is connected from point B to the grid, 
as shown. Hence, any alternating plate voltage cannot alter the 
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grid potential through Ci, because it is immediately balanced by 
the equal and opposite potential through C*. In other words, C, 
is adjusted so that the variation in potential of the grid is always 
balanced out. li AC equals CBj then C* is adjusted to equal Ci. 
The greater the ratio of AC to CB, the greater the ratio of Cm 
to Cl must be to preserve this balance. 

The only reason the circuit of Fig. 24-8 works is that point B 
is 180" out of phase with point A. It is necessary to wind addi- 
tional turns on the primary after point C in order to secure this 
condition. But if the condenser C* is connected to a tap on the 



Fig. 24-9. — Another 
neutralizing circuit 
similar to that of Fig. 
24-8 excepting that 
here the neutralizing 
condenser C, is excited 
from the induced e.ni.f. 
in the secondary coil S, 
This coil is tapped at 
C. This is also a form 
of neutrodyne circuit. 


secondary coil, as shown in Fig. 24-9, the system is identical with 
that of the previous figure. The primary P induces a voltage of 
reversed phase in secondary S, Hence, point C on the secondary 
is of opposite polarity to point A. As before, Cm is adjusted so 
that the fluctuating voltage on the grid due to the grid-plate cap- 
acity of the tube is neutralized by an equal and opposite poten- 
tial through C,. The circuits of Figs. 24-8 and 24-9 are called 
neutrodyne circuits. 

24-16. Neutralization to Prevent Oscillation in T-R-F 
Receivers. — ^From the discussions of the foregoing circuits, it 
is clear that when they are employed, any signal in the grid cir- 
cuit cannot be transferred to the plate circuit through the grid- 
plate capacity of the tube because of the neutralizing circuit. 
TTiat is, alternating plate voltages cannot be transferred to the 
grid circuit through the tube capacity, and alternating grid volt- 
age cannot be transferred to the plate circuit through the grid- 
plate capacity of the tube, because of the neutralizing circuit. 
The path presented for signals in the grid circuit is through the 
wml amplifying action of the tube. This arrangement is made 
we of to neutralize r-f c^cuits to prevent oscillation. 
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If the filament prong of a tube is isolated from its soeket 
contact (the rest of the prongs still making proper contact), it 
will not light, and hence the tube will not amplify. However, if 
there is no balancing or neutralizing circuit present, signals will 
still be heard because they will get to the plate circuit through the 
grid-plate capacity of the tube. With a balancing circuit, how- 
ever, the signal divides through the grid-plate and neutralizing 
capacities, and balances at the plate. This means that a stage is 
properly balanced when no signal can be heard through the grid- 
plate capacity of the tube. 

Few of the receivers being manufactured today make use of 
the neutralizing systems which are employed in the older neutro- 
dyne and other t-r-f receivers — simply because the use of mod- 
em, shielded tuning coils and screen-grid tubes have decreased 
the main cause of feed-back — the grid-plate capacity of the 
amplifier tubes. However, there are still many of these old 
receivers in use, and it is imimrtant that the service man know 
how to balance or re-neutralize such receivers so that they do 
not oscillate. 

24-17. Neutralizing Procedure for T-R-F Receivers* — 
The equipment required for the neutralizing of t-r-f receivers 
is a test oscillator, an insulated neutralizing tool and a “dummy’^ 
tube. Although the test oscillator is not absolutely essential 
(the signal from a broadcasting station may be used instead, if 
necessary), far better results can be obtained through its use, 
dnee a strong, constant signal is necessary for accurate and 
rapid neutralizing. Furthermore, it is quite likely that a suitable 
powerful broadcast station of the frequency desired may not be 
^*on the air^’ at the time desired. An insulated neutralidng tool 
must be used, as the neutralizing adjustment screws or nuts are 
not usually at ground potential, and a metal instrument will 
introduce added capacity, making accurate neutralization very 
difficult. Instead of a **dummy*’ tube (which is a good tube of ihe 
same irjrpe as used in the stage to be neuferalized, but having one 
of its filament or heater prongs cut ofi) nn adapter such as shown 
in Fig. 24-10 which has one filament leg "open” may be used. 
These "neutrafizing” adapters are preferable, because they en- 
able each r-f stage neutralized with the tijdbe 
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that ts normally employed in that stage, thus yj_ 

possibility of incomplete neutralization due to the use of a 
“dummy” tube whose inter-electrode capacity does not match 
that of the tube used in that stage. 

In order to neutralize the receiver, the aerial lead-in is first 
disconnected from the set. The Ant. and Gnd. terminals of the 
receiver are then connected to the “high” output terminals of the 
test oscillator just as for the alignment of the tuned circuits 
(^e Art. 24-6 and Fig. 24-4.) No output meter need be used as’ 
the ear will suffice in this work. The loud speaker should be con- 

ADAPTER FOR 7CD'APrER"F0R 

5-PRONG TUBES 4-PRONG TUBES 



p j 

Cgi 





Fig. 24-10. — neutralizing* adap- 
ter for 6-prong tubes {left) and 
one for 4-prong tubes {right), la 
each,_ one leg of the filament cir- 
cuit IS left open. 


nected. Then put the receiver in good operating condition, set 
the test OMillator operating at about 1,000 kc. (modulated signal) 
^d tune its signal in on the receiver as strongly as possible with 
the volume control of the receiver in the full “loud” position. 

The last r-f tube should be removed and placed into the neu- 
ta^ing adapter, which in turn is inserted into the socket from 
which the tube was removed. If a “dummy” tube is to be erns j- 
ploy^ uistead, it should be inserted directly into the socket from * 
which the receiver tube has been removed. If the signal of the test 
^il^tor IS still heard in the loud speaker, however weak it may 
the neutralizing condenser associated with this stage should 
be adjusted with the balancing tool (which may be an insulated 
sw^ wrmch, an msulated screw driver, or a wooden dowel stick 
whittled te a wedp-shape at one end) until the signal is no 
longer audible, or is weakest. 

^ ’“til the 

8^ M heard as loud m possible, as a change in the neutralizing 
capacity change the effective input capacity of the tube. This 
ae receiv^ to be detuned slightly from the signal of the 

it “ necessary to retune the receiver to bring 

It into exact resonance with this signal. The same procedure is 
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followed for the successive preceding r-f stages in the receiver. 
Any oscillation that may still be present after this neutralizing 
procedure is carried out carefully, is undoubtedly caused by 
interstage feedback due to magnetic coupling between wiring or 
between the tuning coils, and cannot be eliminated by neutralizing 
circuits. Proper shielding of these coils or wiring is a possible 
remedy. If an output meter is used, the neutralizing condensers 
should be adjusted until minimum reading is obtained on it. 

After neutralizing, it is advisable to check over the alignm^t 
of the timed stages (see Art. 24-5) . If they are properly aligned, 
the work is finished, if not, the receiver should be aligned, after 
which, it may again have to be re-neutralized. The final cheek is 
good alignment with no oscillation at any setting of the tuning 
dial. 

REVIEW QUESTIONS 


1. What is meant by "aligning” the tuned circuits of a t-r-f re- 
ceiver? What is its purpose? When is it necessary? 

2. Explain, step by step, the procedure for aligning the tuned stages 
of a single-dial receiver having two stages of tuned r-f and a 
gang tuning condenser provided with only trimmer condensers 
for capacity adjustment. 

3. A receiver employs a 3-gang condenser with trimmers and 
slotted end-rotor plates. Explain how you would go about 
aligning the tuned stages of this receiver. 

4- How would you align a tr-r-f receiver tuned with three individual 
variable condensers that are coupled by means of a pulley-belt 
arrangement 

5. ' Explain why some form of output indicating device must be 

us^ when aligning t-r-f receivers. 

6 . Explain why the signal from a test oscillator must be used dur- 
ing the aligning procedure instead of that from a broadcast 
station. 

7. What symptom will be noticed when a neutrodyne receiver needs 
to be re-neutralized? 

8. State two reasons why a neutrod 3 me receiver may have to be 
re-neutralized. 

9. Explain in detail the procedure to be followed in re-neutralizing 
a neutrodyne receiver having two r-f stages. 

10. "Braw the schematic c^cuit diagrams of three types of commonly 

used balancing or neutralizing circuits, and explain how each 
works. 

11. A "dummy tube** is used for neutralizing a receiver. How does 
this make neutralizing possible? 

12. How would you proceed to determine whether a t-r-f receiver 
needed to be realigned? What instrument would you use to 
determine this? Explain fully! 
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ALIGNING AND NEUTRALIZING 
SUPERHETERODYNE RECEIVERS 
(Including The Use Of The Cathode-Ray Oscilloscope) 


rfnnhwv. — The superheterodyne is, without 

doubt, the most popular radio receiver circuit employed todav 
m^y because, through its use, more amplification can be ob- 
tamed with a given number of tubes, and it provides greater 
s^tivity. mough its fundamental principle of operatic was 
suggested and used by Armstrong in 1918 , it was not until 

providing single-control 
t^g for It was solved successfully, removing the main objec- 
tmable feature which had existed up to that time. This Ind 

bvT strengthened sufficiently 

by su^eeding developments in the radio industry so that it is 
^ most wMdy used receiver circuit. In^„.e 
tte modem superheterodyne is the simplest of circuits; in other^ ' 

tivitv^^T ” <ioxnphx, has the selec- 

^, 31 ? L the modem, well-designed superhet- 

er^yne has It is the most complex in the sense thTt it has more 
^-variable adjustments which must be set properly before best 
l^ormance is obtained, than any other circuit te co^on 

^ts'*!”^ these adj^* 

R» to poqm of this duipter to diseu« the eesestid, of 

cases, but, since some receivers may 
702 
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hav€ certain design features whicli make special alignment opera- 
tions necessary, tlie service man is urged to consult a reliable ser- 
vice manual for these special details r^arding the particular re- 
ceiver tinder consideration whenever possible. f The i-f used in one 
model of receiver may be different than the i-f used in other 
models produced by the same manufacturer.* There is no real 
standardization in this respect. The only reliable sources of in- 
formation for specific details are the service sheets of the manu- 
facturer of the receiver, or a reliable list of receiver i-f's.* 

At the present stage of the art there are two Trift.iri groups of 
superheterodyne receivers: the broadcast receivers intended for 
540 to 1,600 kc reception, and the all-wave receivers intmded 
for reception of frequencies from approximately 540 to 1S,000 kc- 
It should be pointed out here that the general ali gnm ent proced- 
ure is the same in both types, although each has peculiarities of 
its own. In this chapter we will deal mainly with the aHgnment 
of standard broadcast>band receivers; in Chapter XXVHI 
special details concerning the alignment of all-wave receivers 
will be presented. 

25-2- Reasons for the Development of the Superhetero- 
dyne. — The superheterodyne receiver is the outgrowth of an at- 
tempt to surmount difficulties that were e:^erienced with the 
tr-r-f type of Teceiver in the early days of radio. In the t-r-f 
system, the signal is amplified at its ovm carrier Jreqtiency — 
which is a high frequency. It was difficult to design a receiver 
of this type which would employ only a few amplifier stages and 
yet provide hi^ enou^ amplification which would be uniform 
over the entire range of broadcast frequ^cies to be received. Re- 
member that the three-electrode tube was the only type avail- 
able at the time, screen-grid typ^ of tubes which have low inter- 
electrode capacitance and produce high amplification had not 
yet been developed. From our knowledge of vacuum tube am- 
plifier theory, we know that the larger the impedance connected 

♦Note: The service man is referred to tb® antbor's Madio Trouble^ 
Shoot&r^s Handbook for a comprehensive list presenting the inter- 
mediate frequencies employed in nearly aH superheterodyne receivers 
of American manufacture produced up to the date of its last printing, 
tfiider’a Perpetuod Trouble Shootert Manuels (published by John F. 
Rider» 404 Fourth Avenue, N. Y. C.) contain this information. 
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in the plate circuit, the greater is the amplification produced by 
the stage. However, the larger this impedance is, the greater is 
the tendency for oscillation to occur. (Neutralizing circuits had 
not yet been developed.) Hence if attempts were made to se- 
cure high amplification per stage in t-r-f receivers by naing high 
plate circuit impedances, severe oscillation would result. To com- 
plicate the situation stiU more, the feedback energy fed back 
from the plate circuit to the grid (through the plate-grid cap- 
acity of the tube) increases with the frequency, so that oscilla- 
tion tendencies are greater at the high-frequency end of the 
received signal band. Therefore, a compromise had to be made 
in the design of these receivers; the amplification was kept down 

so that oscillation would not occur at the high frequencies ^this 

made their sensitivity drop at the middle and low-frequency 
end of the broadcast range, and required the use of a large num- 
ber of amplifier stages if high sensitivity was to be obtained. 

25-3. The Superheterodyne System. — ^This situation led 
Armstrong to seek some method whereby the frequency of Hie 
incoming signal could be reduced suflSciently so that the ampli- 
fication could be made to take place at this frequency and could 
made large without causing any oscillation. It was also con- 
radered desirable to have this reduced frequency fixed for all 
sHtings of the timing dial, so that the circuits of the reduced- 
frequency amplifier could be designed and adjusted to produce 
maximum response at one frequency. Such a state of affairs would 
mean that more amplification coidd he obtained with a given 
number of stages (without oscillation) , and that the amplifica- 
tion would be more uniform over the entire tuning range. This, 
in g^eral, is the idea behind the superheterodyne. 

25-4. How the Frequency is Reduced in the Superhetero- 
dyne. -TTie signal to be amplified must be received first by a 
tuned circuit, siinilar to those used in a t-r-f receiver, after 
udiich rt may or may not be amplified before its frequency is 
reduced. Once received, it is ready for the frequency-reduction. 

'the reduction of the frequency is really the most ingenious 
p^ of Armstrong’s invention. It was known that if currents 
of two dMferent frequencies are combined and rectified, the out- 
put consists of a number of frequencies, two of which are the sum 
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and the difference frequencies, respectively, of the original sig- 
nals. Thus, if the signal received from a broadcast station has a 
carrier frequency of, say, 1,000 kc and another local signal having 
a frequency of 1,450 kc is mixed with it and the combination is 
rectified, the output of the rectifier will contain, among other ir- 
relevant frequencies, a current whose amplitude varies at a fre- 
quency equal to the sum of the two original frequenci^ (2,450 
kc) , and one whose amplitude varies at a frequency equal to their 
difference (450 kc). 

Two things are therefore unique in this type of circuit; (1) 
the incoming broadcast signal must be mixed with that generated 
by a local oscillator; (2) the combination micst he rectified in 
order for the sum and difference frequencies to appear, just as 
a t-r-f receiver must rectify a modulated carrier in order for the 
audio note to be heard. A superheterodyne receiver, therefore, 
is equipped with, (as most every service man is aware) , a local 
oscillator and a detector (called the first detector, modidator, 
or mixer). (In many superheterodynes, the function of ‘fiocal 
oscillator” and ''mixer” is performed simultaneously, but inde- 
pendently, by a single "pentagrid converter^’ type tube.) An- 
other detector, called the second detector, is also necessary to 
obtain the audio modulations. 

NTow if ihe output circuit of the first detector is timed to the 
difference frequency of the broadcast signal and local oscillator, 
then the "reduced frequency” eurrmt is selected and may be sub- 
sequently amplified. It is clear that Ihe lower the difference fre- 
queucy, the more nearly alike must be the signal - and local oscil- 
lator frequencies. It is also clear that if provision is made to have 
the oscillator frequency change siihultaneously with changes in 
the resonant frequency of the input timed circuits so that it is 
always a fixed amount above or below the incoming desired 
signal frequency, the signal current in the succeeding amplifier, 
called the intermediate-freqttency amplifier, will always he of 
this one (difference) frequency. Therefore, its tuned circuits 
can be adjusted once to tune exactly to this frequency and can 
be left alone thereafter. 

25-5. Review of the Entire Superheterodyne System. — 
A block diagram showing the main parts of a superheterodyne 
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receiver of modern design is illustrated in Eig. 25-1. The anten- 
na system connects to a t-r-f amplifier (often called a pre- 
selector) which is designed to tune over the entire frequency 
range it is desired to receive. It is the purpose of this amplifier 
to make a fairly rough preliminary selection of the signal of the 
station it is desired to receive (in order to prevent image- frequen- 
cy interference: see Art. 23-13) and amplify it somewhat for ad- 
ditional sensitivity. This stage is not absolutely necessary, and 
many midget receivers do not use one; but the majority of the 
larger sets have at least one of these t-r-f {pre^-selector) stages. 

The pre-selector amplifier output feeds into the first de- 
tector (or *"mixer'0 stage, where it mixes with the oscillator 



Fig. 25-1.- — Block diagram showing the main parts and their 
sequence m a typical superheterodyne receiver. 


voltage and is rectified. In the many modem receivers which em- 
ploy a single multi-electrode pentagrid converter tube (such as 
the types 2A7 and 6A8) designed to perform simultaneously the 
function of both a "mixer” and an "oscillator” tube, the independ- 
ent control of each function is made possible within a single tube. 

The output of the mixer tube contains a number of frequen- 
cieSy among which is one equal to the difference between the sig- 
nal and c^cillator frequency. It is to this difference frequency 
th&t the i-f amplifier is tuned. The i-f amplifier may consist 
of at least one, and usually not more than three, stages. Of 
course, more than three may be used, but this makes the sensi- 
tivifgr so great that the set is apt to be imstable. 

T^e output of the i-f amplifier is fed to the second detector 
where it is demodulated. The audio output of this detector is 
^plified further by a one- or two-stage audio amplifier.* 


a more defiled and comprehensive discussion of the 
^ operatmn, and the consbraction, of superheterodyne receivers 
the reader is referred to the Radio 
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25-6. Frequency of the Oscillator. — ^In most superhetero- 
dyne receivers, the intermediate frequency is equal to the dif- 
ference between the oscillator and signal frequencies. This 
means that the oscillator frequency may be greater or less than 
the signal frequency by the amount of the i-f. For instance, 
suppose a signal of 1,000 kc is tuned in by the r-f amplifier and 
mixer stages; further assume that the i-f is 200 kc. Then the 
oscillator frequency may be either 1,200 or 800 kc, the differ- 
ence frequency in either case will be 200 kc. Either one may be 
used, but in practice the oscillator frequency is always higher 
than the signal frequency by an amoimt equal to the i-f. The 
signal strength would be the same if the oscillator were lower 
than the signal frequency by the amount of the i-f, but image in- 
terference (see Arts. 23-13, 23-15 and 23-17) would be escesmve 
and commercial code interference would be troublesome in cer- 
tain localities. Furthermore, the design and adjustments of the 
r-f and oscillator circuits must be such that the oscillator frequen- 
cy will stay as nearly as possible at the same number of kilo- 
cycles above the resonant frequency of the r-f circuits for every 
setting of the twrdng dial. That is, the oscillator frequency must 
“track’^ with the frequency of the r-f circuits (always remaining 
higher by a constant amoimt equal to the i-f of the receiver). 
This is illustrated graphically in Fig. 25-12 by the tuning curves 
of the oscillator and that of the dial (r-f) for a receiver employ- 
ing a 130-ke i-L ^Notice that the oscillator frequency tracks 
along exactly with the dial (r-f) frequency, always being 130 kc 
above it, regardle^ of the dial setting. This will be considered 
further in Arts. 25-10, 25-17 and 25-18. 

25-7. Adjustments Necessary in Superheterodynes. — It is 
evident that certain adjustments must be made in superhetero- 
dyne receivers to enable them to function nonhally if their orig- 
inal adjustments have become disturbed. The various timed 
circuits in the i-f amplifier must be lined up, or peaked, at fhe 
specific frequency (or several frequencies close to it) ; for which 
it is designed. The r-f and mixer stages must be aligned with 
each other as in a tr-r-f amplifier, and the oscillator tunh]^ ccm- 
denser must be ‘'laracked^^ with them so that the oscillator frequen- 
cy is ahvays greater than the mgnal frequency by an amount equal 
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to the i-f used in the particular receiver, regardless of the posi- 
tion of the receiver tuning .dial. If these adjustments become 
disturbed, it will lead to certain difficulties which cannot be 
remedied by any means other than proper readjustment. These 
will now be considered. 

25-8. Effects of Misalignment in the I-F Amplifier. — 
the individual tuned circuits of the i-f amplifier of a superhetero- 
dyne are not peaked at the proper frequency for which it is de- 
signed, four distinct operating symptoms may result: (1) lowered 
or zero signal strength, depending upon the amount of misalign- 
ment; (2) high noise level; (3) poor selectivity and possible in- 
terference from undesired ^^adjacent channek’ stations, and (4) 
possible improper tone quality due to possible cutting of side- 
bands in the i-f amplifier — especially in high-fidelity receivers. 
Each of these symptoms will be discussed in turn. 

(1) Lowered signal strength will be obtained from a receiver 
with a misaligned i-f amplifier because the difference frequency 
between the oscillator and signal will not be equal to that to 
which the i-f amplifier is timed. For instance, if a receiver is 
designed so that the i-f should be 450 kc, but because of mis- 
alignment the i-f timed circuits are actually tuned to 500 kc, then 
maximum amplification cannot be obtained since the 450-kc signal 
output of the mixer goes through the i-f amplifier which is tuned 
to a different frequency, 500 kc in this case. The results are 
equivalent to deliberately mistiming a t-r-f receiver. But not 
all the stages of an i-f amplifier may be mistimed — ^perhaps but 
one or two are out of alignment. In this case the desired signal 
may be heard if it is strong enough, and interference may be en- 
countered if the r-f amplifier is not sufficiently selective. See 
(3) for further details on this point. 

(2) Increased noise level is a very definite indication of a 
misaligned i-f amplifier if the r-f and oscillator circuits are nor- 
mal. The mixer tube is the source of most of the noise in a super- 
heterod^e. The noise is generated in the tube itself, and its mag- 
nitude is a function of the signal strength and plate current of 
the tube. But with a given plate current,' and with a given signal 
applied to ihe tube, any noise that may be generated is anipli- 
fied by me i-f amplifier. If the i-f amplifier is misaligned, the 
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strength of the signal output is reduced, and may be comparable 
with the noise voltage. With high signal strength, of. course, 
the noise is small compared to the signal. The noise voltage is 
then actually reduced in intensity in the second detector. Fur- 
thermore, if the receiver is equipi>ed with avc, the sensitivity of 
the i-f amplifier is reduced on strong signals, so that the noise 
is reduced also. When the i-f amplifier is misaligned, the avc 
may not work at all if the signal voltage is below the avc thres- 
hold, and the sensitivity of the i-f amplifier is high for the noise. 

The sensitivity for the noise is high because the type of noise 
generated in the mixer stage of a superheterodyne is not of one, 
but of many frequencies. The i-f amplifier merely selects the 
one particular frequency to which it is tuned. But if it is 
misaligned, then it selects a noise voltage whose frequ^cy is 
equal to that to which it is tuned rather than that to which it 
shovld be tuned. The result is low signal strength of the de- 
sired stations and a high noise level because the sensitivity of 
the i-f amplifier is high for the noise frequency. 

(3) Interference from imdesired stations differing slightly 
in frequency from that of the desired station is a natural con- 
sequence if the i-f amplifier is not properly cdigned and the r-f 
amplifier is not selective. A very selective r-f amplifier preced- 
ing the first detector win be sensitive to only the one frequ^cy 
to which it is tuned and will therefore so greatly reduce the 
strength of all adjacent chmmel station signals, that no int^- 
ferenoe will result from them even if the i-f amplifier is mis- 
timed somewhat. But if the r-f amplifier is not s^ective, then 
signals of more than one frequency may enter the mixer stage, 
and if the frequency of some interfering station is such that it 
mixes with the oscillator frequency to produce an i-f equal to 
that to which the i-f amplifier happens to he tuned, it will be 
heard. This is known as ‘^adjacent channel” interference. 

This phenomenon may be illustrated by means of an example. 
Let us assume that a certain superhetOTod 3 me employs an i-f of 
450 kc. Suppose the r-f amplifier of this suparheterod 3 me is 
tuned to 1,000 kc, but becainse it is hot sufficiently s^ective, it 
does not gr^ldy reduce the strength of an incoming signal from 
a strong 1,050 kc staMon. Now the adjustment of the ose^iiafer 
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is assumed to be accurate, so that it is set for 1,450 kc because 
the signal circuit is adjusted for 1,000 kc and the i-f is 450 kc. 
Then the incoming 1,050 kc interference signal will become a 400 
kc signal in the i-f amplifier. But, if one or two stages of the 
i-f amplifier happen to be misaligned to, say, nearly 400 kc 
instead of 450 kc, then the undesired signal will be amplified by 
the i-f amplifier and heard along with, perhaps, the desired sig- 
nal (which is reduced in strength by the misalignment). These 
conditions are illustrated in Fig. 25-2. 

It is important to realize that it makes no difference which 
i-f transformer is misaligned. The same amount of interference 
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F’ig- 26 - 2 . — ^What happens in a superheterodyne receiver whos^ 
r-f an^hfi^ is not Sufficiently selective and whose i-f amplifier is mis- 

desired signal and a MSO^kc (adjaSnt 
Sigaal ^ received by the antenna. Both 
are heard, resnlting m interference. signals 


^ obtained if the first or the third tuned i-f circuit is out 
of adjustment. The reason becomes clear when it is realized that 
die amplification of each transformer and tube multiply at any 
pomt to secure the overall gain. This is shown in Fig. 25-3. 

Curve A represents the overaU gain of the first i-f stage at 
various fluencies above and below the resonant frequency /„ 
^rve B IS for the second, and curve C is for the third stage, 
yiey ^ shown with different shapes for purposes of visualiza- 
faon only; usually they are aU the same, with the exception of 
last tuned stage feeding a diode detector. This latter curve 
18 tooate tbM tie rest because the relatively smaU resistance 
of ^ di^e c^t shunts the tuned circuit. Note the steepness 
^ the sidts of the overall selectivity curve B. Note, also, that 
ite ^ne ^^y pomt is equal to tie product of the three curves 
at that pomt. Thus, if tmy one of the curves reached zero at a 
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certain frequency, the overall response would also be zero at that 
same frequency. 

(4) The ideal i-f or r-f selectivity curv^ for truly faithful 
audio performance are almost straight sided and vertical, en- 
closing a total band width of approximately 10 kc for ordinary 
good receivers and 16 kc (see (B) of Fig. 31-5) for high-fidelity 
receivers. In many receivers, especially those of the high- 
fidelity type, the design is such 
that in order to obtain the 
desired broad i-f amplifier selec- 
tivity curves (see Fig. 25-9) for 
good audio reproduction, the 
primary-to-secondary coupling 
is close or the “peaking” of the 
i-f transformers is staggered. 

Staggered peaking may be ob- 
tained by timing the second 
transformer to the exact i-f re- 
sonance frequency, the first 
transformer slightly to the high- 
capacity side of this resonance 
frequency, and the third sli^tly 
to the low-capacity side. An- 
other method is explained in Art. 

25-14. The final result is a broad- 
er, more vertical-sided resonance curve than could conv^uently 
he secured if all the i-f tuned circuits had bemi peaked to exactly 
the same frequency — with r^ulting better fidelity. This will 
be discu^ed in greater detail in Chapter XXXI, At any rate, it 
is evident that in these receivers, if the adjustment of one or more 
of these i-f tuning circuits is disiurhed, the width of the frequency 
band pa^ed may be either increased or decreased, with resulting 
change in the quality of the audio output of the receiver. 

25-9. Effects of MisaligpEiment in the R-F Amplifier or 
Prc-Selector. — The effects of misalignment in the r-f amplifier 
of a superheterodyne are, wedkened signals, interference, possible 
image-frequency interf^ence and a high nohse lev^. The weak 
#;gn*als are cMained' because.: niaximiim'' voltage cannot 'iM 



Pig. 26-3. — AmplMcatioii 
curves of the iadividUal i-f 
amplifier stages A, B and C 
of a sTiperheterodyne. D ia 
the overall response curve. 
The resonant frequency is fr^ 
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up across all the tuned circuits in the receiver unless they are in 
resonance with the signal passing through them; this fact is 
evident from the very fundamental theory of resonant circuits. 
What happens, may be understood from the cases presented pic- 
torially in Figs. 25-4 and 25-5. 

Let us suppose that a receiver employing an i-f of 450 kc 
has its r-f amplifier misaligned so that it tunes to a frequency 
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Fig. 25-4. — Effect of misalignment (by 50 kc) in the r-f amplifier 
of a superheterodyne. If the receiver dial is set at the frequency 
<1,000 kc) of the desired signal, this signal may not be heard (or 
iie^rd weakly) and a sufficiently strong interfering signal (1,050 kc) 
may he heard. 


50 fcc higher than it should. Let us further suppose that the 
tecMver dial is adjusted to what -would normally be the setting 
for the reception of a 1,000 kc station. This is illustrated in 
Fig. 25-4. Since the r-f amplifier is misaligned, if it tunes sharp- 
ly it will greatly reduce the strength of the 1,000-kc signal before 
it reaches the mixer. If this signal is very -weak, the timing is 
sharp enough and the misalignment is sufBcient, it might out out 
the desired signal altogether so that it would not reach the TnW.i- 
and would therefore not be heard (or, it might be heard -weak- 
ly).^ Me^wrhile, if a strong, 1,050 kc signal from an interfering 
station also received, it -would be amplified greatly by the 
r-f amplifier, and even though it would produce a “difference 
frequency* of 400 kc, if the i-f amplifier were not very sharply 
tuned, it might not reduce its strength sufficiently to prevent it 
feffla being heard either alone (if the 1,000 kc weak desired «ignnt 
has been completely shut out) or as an interfering signal with the 
weakieaed d^ired signal. 

Evmi if the receiver dial were set at 950 kc in the foregoing 
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case in order to bring the r-f tuned circuits into resonance with 
the desired 1,000 kc signal (remember that the r-f tuned circuits 
in the receiver are considered to be misaligned so their resonance 
frequency is 50 kc above the tuning dial indication), interfer- 
ence would very likely result. These conditions are shown in 
Fig. 25-5. For this setting of the tuning dial the oscillator fre- 
quency would be 950 + 450 = 1,400 kc. Even though the de- 
sired 1,000 kc signal would be amplified satisfactorily by the r-f 
amplifier, it would produce a 'difference frequency^' of 400 kc 
in the output of the mixer. This 400 kc output would be weak- 
ened by the 450-kc i-f amplifier. Whether it would be heard or 
not would depend on its initial strength and the overall sharp- 
ness of tuning of the i-f amplifier. Meanwhile, any received 
strong interfering signal having a frequency of 950 kc would un- 
doubtedly get through the r-f amplifier even though it were tuned 
to 1,000 kc, and would produce a ^'difference frequency*' of 450 
kc when acted upon by the 1,400 kc oscillator signal and recti- 
fied, This would be greatly amplified by the i-f amplifier and 



Fig, 25-5.— Effect osf misalignmeiit in the r-f amplifier. Even 
ifi the receiver dial is adjusted so the r-f amplifier is tuned exactly to 
the desired 1,000-ke signal, the oscillator frequency w^ be "off** and 
inteidfereiiee wili very likely result. Thus, the misalignment in the 
r-f ampliejr really causes the ‘Tracking” between the oscillator and 
r-f amplifier circuits to be upset. 

would be heard as an interfering signal. So no matter where the 
tuning dial were set, an interfering staifion would very likely be 
heard, and the d^ired signal would be weakened — all because 
of the misalignmeiit of the timed circuits of the r-f amplifier . 
It is evident that serious misalignment m Ihe r-f amplifier really 
has the final effect' of disturbing the correct "tracking" between 
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the oscillator frequency and the overall resonant frequency of the 
r-f amplifier. 

It is quite possible for ‘^image-frequency^' interference and 
double-spot timing (see Arts. 23-13 to 23-16) to occur in cer- 
tain receivers having misaligned r-f amplifiers if their design is 
such that the r-f circuits do not tune sharply. This is especially 
true if the image-frequency interfering signal is a powerful one^ 
for then it is able to get through the misaligned, broadly-tuned 
r-f amplifier and mix with the oscillator signal, producing (after 
rectification) a “difference frequency" equal to the i-f employed. 
Naturally the i-f amplifier will amplify such a signal. The 
ways in which an image-frequency signal (a signal whose fre- 
quency is higher than that of the local oscillator by an amount 
equal to the i-f of the receiver) is able to get through a receiver 
and cause interference is illustrated at (A) of Fig. 23-9 in Chap- 
ter XXIII. 

The reason for the increased noise level which results when 
the r-f tuning circuits are misaligned is the same as that out- 
lined in part (2) of Art. 25-8. 

25-10. Effects of Incorrect Oscillator Tracking. — The 
symptoms which result when the oscillator frequency does not 
^^ack" properly (it should always be higher than the frequency 

which (he r-f circuits are tuned by an amount equal to the i-f 
Temployed in the receiver) depends upon whether or not the r-f 
and i-f amplifiers are selective. If they are selective, then no 
signals, and increased noise level, will be obtained. The lack 
of signals is due to the “difference frequency" being different 
than the frequency to which the i-f tuned circuits are tuned, and 
the hi^. noise level is due to the same causes discussed in part 
(2) of Art. 25-8. If the r-f amplifier is not selective, then inter- 
ference will be obtained. For instance, if instead of producing 
a signal always 450 kc above the resonant frequency of the t-r-f 
amplifier, the oscillator does not “track” properly and its 
frequency is always 500 kc above it, any interfering signal 
whose frequency is 50 kc above that to which the imselective r-f 
OTcuit is tuned, may get through it (even though somewhat re- 
duce in strength.) If it does get through, it will beat with the 
(^itlator mgnal to produce (after rectification) the designated 
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i-f of 450 kc (for which the i-f amplifier is designed). There- 
fore, it will be heard. 

25-11. Superheterod 3 me Alignment Sequence. — ^The fore- 
going discussions should serve to make clear how important it 
is for all the tuned circuits of a modem superheterodyne receiver 
to be accurately adjusted. Regarding the alignment sequence, 
many service men are imder the impression that it makes little 
difference which of the tuned circuits are -aligned first. At first 
thought, it might seem as though the r-f stages should be aligned 
first, then the oscillator, suid, finally, ihe i-f amplifier. But a 
little reflection will show that such is not the case. Perhaps the 
best sequence for the service man to follow when making these 
adjustments on standard broadcast-hand receivers (imless the 
manufacturer of the receiver instructs otherwise) is: 

1. The various tuned circuits of the i-f amplifier are first 
aligned properly with each other at the i-f for which the 
i-f amplifier is designed. 

2. The oscillator circuit should then be adjusted at about 
1,400 kc so it ''tracks” properly with the r-f circuits at 
the high-frequency end of the dial; this should be re- 
peated at about 600 kc so it "tracks” properly with these 
circuits at the low-frequency end of the dial. 

3. At the same time that the "tracking” of the oscillator 
is being adjusted, it is preferable (in most cases) to 
properly align the tuned circuits of the r-f (pre-selector) 
stages with each oihi&r, (If a "double-spot” image-^sup- 
presOTon circuit is employed in the receiver, its adjust- 
ment should be carried out as directed in Arts. 25-21 to 
25-23.) 

As we shall now see, if the work is done in any other sequence, 
inaccurate aligmnmt or "tracking^’ may result, or the operation 
may take a longer time to accomplish. 

Maximum output of a superheterodyne is obtained when 
ev^ry tuned section of it is prop^y aligned. Ma^mum output 
from the i-f amp lifier is obtained vhen it is adjusted to the 
quency for which it is designed and when exactly that frequency 
is applied to the i-f amplifier by the output of the mix^. In 
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practice, the service man never knows offhand whether the i-f 
ampliffer of a receiver he is called upon to service is properly^ 
adjusted as he finds it. This means that if he blindly aligns the 
oscillator or r-f circuits first, he does not know whether or not the 
‘‘difference- frequency'' produced will match the frequency of the 
i-f amplifier; furthermore, since the condition of the i-f amplifier 
is unknown, it cannot be used as a basis for the alignment of the 
r-f or oscillator circuits. The alignment could be carried on 
without the i-f amplifier, but it is more advisable to use it. It 
is wise, therefore, to first align the tuned circuits of the i-f am- 
plifier properly, in the manner dictated by its design. 

Once the i-f circuits are properly adjusted, the i-f amplifier 
may be used to determine whether the “difference frequency"" 
between a signal tuned in and that of the oscillator is equal ex- 
actly to the i-f. To do this, a signal of known frequency is fed 
"Snto the mixer stage. Maximum output will be obtained from 
the i-f amplifier when the difference between the oscillator fre- 
quency and that of this signal is equal to the frequency to which 
the i-f has been peaked, i.e., when the oscillator “tracks" cor- 
rectly with the r-f and mixer stages. But since the i-f amplifier has- 
already been adjusted; all that remains to be done, then, is to- 
adjust the oscillator circuits until maximum response is obtained 
(see part (1) of Art. 25-18.) This is usually done at a high- 
frequency (1,400 kc) point on the dial and again at a low-fre- 
quency (600 kc) point. There are now two circuits known to be 
accurately adjusted. 

Once the oscillator circuit has been properly adjusted (or,, 
usually at the same time that it is being adjusted) it is a 
simple matter to align the tuning of the r-f circuits with each 
other to give maximum output from the i-f amplifier (see part 
(2) of Art. 25-18). The exact procedure to follow will be given 
in detail in the following sections of this chapter. If the receiver 
employs automatic volume control, the precautions explained in* 
Art. 25-19 must first be taken before starting any aligning. 

25-12. The I-F Amplifier. — The schematic circuit diagraiii> 
of a t^ieal 2-stage i-f amplifier used in superheterodynes is- 
shown in Fig. 25-6. The three transformers T are the i-f trans- 
forms, and are tuned by the small condensers to Cg in- 
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elusive; resistors R are de-eoupling resistors; and condensers C 
are by-pass condensers. Our immediate concern is with, the i-f 
transformers. 

These tinits usually consist of universal-wound coils properly 
spaced and moimted on wooden dowels. The use of special mag- 
netic cores in these coils is becoming more widespread. Each coil 
is timed by its condenser which is mounted inside the shield can 
in which the coils are located. Lreads are brought out from the 
coil terminals for connection to the other related components in 



Fig. 25-6. — A typical i-f amplifier for a very sensitive snperhet- 
erod3me receiver. iSvo stagres of i-f amplification are used. Ea<^ 
i-f transformer vsrindin^ is toned by an adjustable^ tuning condenser 
Cj, Cg, etc. Most ‘‘midgret” superheterodyne receivers employ only 
one such stage. 

the ©ireuit. A typical i-f transformer of this type employing 
variable tuning condensers of the air dielectric type is illustrated 
at the left of Fig. 25-7 which shows a cut-open view revealing 
fee interior. The two small tuning condensers which tune the 
coils m^y be se^ at the top and bottom. They are small, vari- 
able air^dielectric condensers similar to those which tune the r-f 
circuits. These transformers are therefore said to be “air tuned.” 
Other i-f transformers use almc^ the same ©oil construction, ex- 
cept th^t the tuning condensers resemble fee small padding con- 
densers (“postage stamp” type) used on gwg condensers- They 
are of the compresmon type wife a mica dielectric. An i-f unit of 
this type is shown at the right of Fig. 25r7, find in (C) of Fig. 
22-5. Ajnde from these mechanical details, all i-f transformers 
are essmti^y the same. One exception to this is fee case of 
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those i-f transformers which employ special magnetic cores. In 
the air-tuned transformers, the tuning of one coil is adjusted from 
the top of the can and the other from the bottom. 

25-13. Aligning Procedure for Peaked I-F Amplifiers. 

The operating symptoms which will usually be noted if the i-f 
amplifier is out of alignment, were outlined in Art. 25-8. A 
suitably calibrated modulated test oscillator is essential for sup- 
plying the proper signals for the correct alignment of the various 
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Fig. 26-7. — {Left) 
An i-f tuning unit 
which employs an air- 
dielectric tuning con- 
denser for each coil. 
One condenser is at the 
top and one is at the 
bottom. 

{Right) An. i-f coil 
which employs two 
compression-type mica 
tuning condensers built 
into the base. The coil 
shields are cut open to 
reveal the interiors. 


circuits in superheterodyne receivers, for the same reasons -which 
were ei^laiiied in Arts. 15-1 and 24-2. An output indicator of 
some kin d (see Chapter "VTI) should be employed to indicate 
when the receiver output is maximum, as explained in Arts. 7-1 
The i-f which the receiver is designed to employ, and 
to wMch its i-f amplifier must be timed, should be known before 
«tarting the work.* If it is not known, the method outlined in 
Art. 25-20 should be followed. If the i-f is known, the alignment 
«f the i-f tuning stages should be carried out as follows if the i-f 
amplifier is of the “peaked” type: 

(1) Mrst mafe sure that aU the tubes of the receiver are in 
^^iroper Kjckets, that aU control-grid leads are properly con- 
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nected, and that all shields are properly in place. The aerial 
wire should be disconnected from the receiver, but the ground "wire 
left in place. The shielded output cable of the test oscillator is 
then connected to the receiver, the outer shield being connected to 
the ‘'Gnd^' post of the receiver (or to the chassis if the chassis is 
grounded), and the inner wire being connected to the control- 
grid of the first detector or ^^mixer^^ tube. This is the best con- 
nection for the i-f amplifier alignment of most receivers. It is 
usually best to make this connection to the control grid and then 
put the control-grid clip and tube shield back in place. The 
oscillator should then be turned on (so that it will have an op- 
portunity to warm up and reach a steady state) and set to de- 
liver the correct i-f for the receiver imder adjustment. The out- 
put indicator (whatever type is employed) should then be con- 
nected to the. receiver in the proper way. The best ways to con- 
nect the various types of output indicators were discussed in 
detail in Chapter XHEI. Let us assume lhat a meter-type output 
meter is connected shown in Fig. 7-8 if the receiver employs a 
single output tube and a dynamic speaker ; or as diown in Fig. 
7-10 if it employs a push-pull output stage. (If a cathode-ray 
oscilloscope is to be used as the output indicator, the directions 
outlined in Art. 25-88 should be followed.) Tlie complete align- 
ing set-up for a typical midget receiver is illustrated pictorially 
in Fig- 25-8. 

(2) The oscillator tunii^ ocmdenser in the receiver should 
now be short-mrcuited, or the control grid of the oscillator tube 
should be grouiided to the chassis to prevent the oscillator in 
the receiver from functioning during the alignment. The re<^vcr 
should now be turned on. If it has a '^normal-maximum" switch,, 
the switch ^ould be placed in the ‘'normal" position and the vol- 
ume control should be set at the full “an” position. The test 
oscillator should now be readjusted carefully to the correct i-f 
setting, and its attenuator control should be adjusted until the 
output meter reads about one-half the full scfide defiection. The 
test oscillator should be operated with its output mgnal modu- 
lated. 

(3) Locate the i-f transformer unit which is connected* be- 
tween the last i-f tube and the second detector tube. Its tuning 
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condensers are to be adjusted first, starting with the condenser 
nearest the second detector in the circuit (condenser Ce in Fig. 
25-6). An insulated screw driver or socket wrench (whichever 
is required) should be used for making the adjustments, inserting 
the proper tool in the holes provided for this purpose in the 
shield can, as shown in Fig. 25-8. Special fibre or bakelite tools 
are available for this work. Turn the adjustment of the secon- 
dary tuning condenser of this i-f transformer slowly, until the 


Fig. 26-8. — Setup of the appar> 
atus which must be employed for 
aligning the i-f stages of a super- 
heterodyne receiver (if an ou^ut 
meter is used as the output indi- 
cator). The adjusting tool is 
shown inserted in the hole provided 
for it in the top of the 
i-f coil shield. 



OUTPUT METER 


TO UNE 


reading of the output meter is greatest.* If this unit is 
very much out of adjustment, it may be necessary (while the 
adjustments are being made) to reduce the test oscillator output 
by lowering the setting of its attenuator control from time to time 
so as to keep the output meter reading within the scale range. 
Continue to turn the screw or nut until the meter reads highest. 
Then adjust the primary tuning condenser (condenser Cs in Fig. 
26-6) on this same transformer until the meter reads highest 

’“Note: Inahility to '‘peak” an i-f transformer may be due to 
absence of trimmer” capacity variation, even though the trimmer 
occurs when the trimmer has been turned down 
too causing the plate to become permanently sprung. In such 

cas^, it IS best to replace the trimmer, or the entire i-f unit, with a 
new one. 
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Bgain. When this is finished, cheek the adjustment of the sec- 
ondary condenser, as frequently the adjustment of the primary 
will change the adjustment of the secondary slightly, ilepeat 
this for the primary condenser to make sure. 

(4) If the receiver employs more than one i-f transformer 
unit (see Fig. 25-6), similar adjustments must be made on the 
tuning condensers of each one, progressing step by step back 
toward the first detector. In each case, first the secondary, and 
then the primary, tuning condenser is adjusted for highest reading 
on the output meter. Usually, the attenuator control on the test 
oscillator will have to be lowered after each adjustment is com- 
pleted, in order to keep the output meter reading within the scale 
Tange. 

(5) When aligning the i-f stages of some receivers, it may 
be found di ffi cult to obtain a fine adjustment for the line-up of 
a particular stage when the test oscillator is coupled to the in- 
put of the entire i-f amplifier by connecting it as directed in 
part (1) . In such cases, closer adjustment may be made by 
•coupling the oscillator direct to the particular stage being aligned. 
For instance, if the grid circuit tuning condenser of an i-f stage 
is being adjusted, the inside lead of the test oscillator shielded 
■cable should be connected to the plate of the preceding tube. If 
the plate circuit condenser is being adjusted, the test oscillator 
lead should be connected to the control grid of this preceding 
tube. In all ca^s, the outside shield of the test oscillator cable 
should be connected to the ^^Gnd” post of the receiver and the 
tube i^ield should be tightly in place. The foregoing i-f align- 
ment procedure is satisfactory only for receivers which employ i-f 
transformers designed to be ^‘peaked" at one frequency. The 
individual-stage resonance curves, and the overall amplifier re- 
sonance curve of a typical i-f amplifier of ihis type is shown in 
Fig. 25-3. 

25-14. Procedure for Aligiimg Flat-Top or Band-Pass 
1-F Amplifiers. — There are some receivers, especially those of 
the high-fidelity type, which ^ploy i-f transformers designed to 
have resonance curves which are wide at the top (as shown in 
Fig. 25-9) instead of sharp, so that the side-bands will not be sup- 
pressed in ihe i-f amplifier to such a degree that the receiver 
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will lack ''highs'*. In most cases, the primary and secondary 
windings of these i-f transformers are closely coupled by being 
mounted close to each other, as distinguished from the more 
loosely coupled arrangements employed in the sharply-peaked 
transformers where the primary and secondary windings are 
spaced far apart or have a copper shield placed between them. 
The alignment of such i-f stages must be carried out carefully so 
that there will not be any serious cutting of side bands. These 
"flat-top" transformers are not supposed to be peaked at any 


Fig. 25-9. — Response curve of a 460 
kc “flat-topped’^ i-f transformer (or am- 
plifier). Here the transformer (or am- 
plifier) response is fiat-topped from 
about 466 to 466 kc — 5-kc each side of 
the main 460-kc i-f. 


single frequency, but rather to a band of frequencies about 4 or 6 
kc on each side of the main i-f frequency in ordinary receivers 
having high selectivity, and about 7.6 kc on each side in high^ 
fidelity receivers. For instance, with a 10 kc total flat-top, if the 
main irf is 4fi0 kc, the flat-top hand width of the resonance curve J 
might extend from 460 — 5 to 460 + 6, i.e. from 455 to 465 kcr^ 
as shown in Fig. 25-0. When receivers employing these i-f am- 
plifiers are to be aligned, it is always best to carefully consult 
the manufacturer's instructions for the particular receiver imdei 
consideration, for, special adjustments must often be made. If 
ihese instructions are not available, the following information 
may be found useful: 

The receiver, test oscillator and output meter* should first be 
connected exactly as explained in parts (1) and (2) of Art. 
25-13. There are two methods in use for aligning these flat-top 
transformers. In the first, the secondary is timed to one of the 

♦Norat If a c5athode-ray oscilloscope is to be used (Instead of the 
metex) fox the purpose of making “visual’* alignment possible, 
it ^E^ould be conneeted to the receiver as directed in Art. 26-38. The 
aligniiient of the i-f amplifier of the receiver should then be carried 
out as es^lained in detail in Art. 25-4C. 
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flat-top frequency limits, and the primary is tuned to the other. 
Eor instance, suppose the i-f amplifier is to be flat-topped from 
455 to 465 kc. Starting, at the i-f transformer nearest to the 
second detector (in the usual way), the secondary would be ad- 
justed to produce highest output when the test oscillator was 
feeding a 465 kc signal into the i-f amplifier. Then the primary 
would be adjusted to produce highest output when the test os- 
cillator was set to feed a 455 kc signal into the i-f amplifier. It 
would be best to check these adjustments at least three times 
to insure accurate setting. As a final check, the test oscillator 
dial would be rotated slowly to vary its frequency from 455 to 
465 kc and the output meter reading noted at the same time. 
The change in reading of the output meter should be just about as 
represented by the flat-top portion of the resonance curve in Fig. 
25-9, dropping slightly at the center region 

Another method of aligning these flat-top transformers is to 
first adjust the secondary and primary to the peak i-f, and then 
slightly detune each (detuning one above and one below) until 
the variation of the output meter readings as the test oscillator 
frequency is varied over the desired flat-top range is very sli^t. 
The important thing is that the change in reading of the output 
meter should be the same on either side of the center or main 
i-f frequency. 

25-15. Neutralizing I-F Circuits, — ^It is interesting to note 
that several of the older type superheterodynes employed a neu- 
tralizing system in the i-f amplifier to balance out the oscillation 
effects caused by ihe inte*-elec1rode capacities of ihe i-f tubes. 
At the ifime these recovers w^e d^gned and manufactured, 
modern screen-grid tubes were not available. In addition to 
aligning the i-f stages of th^e receivers at a specified frequency, 
they must also be “balanced” or “neutralized”. Balancing, or 
neutralizmg these, stages is accomplished in precisely the same 
manner as described in Art. 24-17. A dummy tube or neutraliz- 
ing adapter is mnployed while the neutralizmg condensers are 
adjusted for ifdtmrmm response of Ihe receiver as read on the 
output meter. 

25-16. Alignmg the I-F Amplifiers All- Wave Receivers. 

Tlie general procedure for aligning the i-f stages of all-wave re^ 
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ceivers is exactly the same as described here for the standard 
broadcast-band type receivers, except for the fact that, the in- 
termediate-frequencies used in all-wave receivers usually range 
from about 450 to 460 kc instead of 175 or 260 kc as is commonly 
used in standard broadcast-band receivers. Of course the align- 
ment of the r-f circuits differs. Further details concerning the 
servicing of all-wave receivers will be presented in Chapter 
XXVIII. Their alignment will also be considered there. 

25-17. Arrangements Employed in Superheterodynes for 
Making the Oscillator “Track”. — ^While it is essential that the 
r-f tuning stages be selective and that they be ^'aligned” 
well, this is not sufficient for the elimination of image interfer- 
ence (Art. 25-10) nor for the making of a sensitive superhetero- 
dyne. It is necessary that the oscillator “track^^ with the radio- 
frequency tuner because the oscillator frequency determines when 
a given signal comes in, that is, when the “difference” frequency 
between the given signal and the oscillator frequency is equal to 
the fixed intermediate frequency. In order for the circuit as a 
whole to be sensitive and selective, it is necessary that the radio- 
frequency tuner be exactly in tune with the desired carrier when 
the ^^difference” frequency is exactly equal to the fixed inter- 
nfeediate frequency. This condition must he fulfilled at every 
setting of the tuning dial, hence it follows that there must be 
close tiracking between the oscillator and the radio-frequency 
tuners. The preciseness of this tracking determines (to a large 
degree) , the excellence of a given receiver as regards its sensitivity 
and selectivity'. 

The tracking problem is complicated by the fact that the 
“difference” frequency is constant whereas the signal and oscil- 
lator frequencies which “beat” to produce this are both variable. 
Theoretically, a simple solution of the problem would be to have 
tuneus (both for the oscillator and the radio-frequency circuits) 
in which the frequency of resonance would be strictly proportion- 
al to the angular displacement of the tuning condensers. But 
such condensers are extremely difficult to produce. Therefore, 
the tratidng must be accomplished in some other manner. 

One way in which the problem has been solved is by special 
detign of the condensers. The condensers used in the radio-fre- 
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quency tuners are alike and are of no special design. Tlie oscill- 
ator cond^iser, iiowever, is designed to h&ve a different rate of 
cliange of capacity, Tiiis means tliat the rotor plates, 4 pnd some- 
times also the stators, are shaped differently from the cones- 
ponding plates of the radio-frequmcy condensers so that the 
proper fr^u^cy variation is produced in the oscillator circuit. 
If the design is ri^t, close tracking is attained. 

This method of tracking seerns to be Ihe ideal arrangem^t, 
yet it has its draTybacks. For example, a condenser that haw 
been deigned for use in a receiver using an intermediate fre- 
quency of 175 kc is not good for use in a set using any other i-f, 
for the relative difference between the condenser plates is a func- 
tion of the intermediate frequency. Also, it is necessary to bold 
the inductances in the circuits within close limits. When the re- 
ceiver is designed to permit of both short wave and standard- 
broadca^ band reception, shaped (^dlator condenser plat^ are 
not feasible because a givm shaping is suitable only for a given 
set of coils and for a given i-f. Any change in the ratio of r-f 
signal-circuit inductance to oscillator inductance necessitates a 
change in the shaping of the oscillator condenser plates ev^ 
though the i-f remains the same. This means lhat in multi- 
bMd receivers — and even in many single-band receivers — the 
conde^er plates cannot be ''shaped^' mid the c^cillator tuning 
capacity mxist be altered in some other manner to provide “the 
constant ^^difference frequency^’. 

There is another meihod of making ihe oscillator track with 
the radio-frequency circuits, and that isi by '^padding" the oscil- 
ator circuit. This means that the oscillation circuit is treated to 
make the rate of change of frequency such that the difference 
betw^ the oscHlator frequency and the frequency of the r-f 
circuits is always constant. This requires a special choice of 
inductance, a semi-variable condmser in series with the oscillator 
tuning condensm^, and a small semi-variahle condenser in i^unt 
with either this eondemser alone or with it and the series con- 
dmser. This arrangement is appEoaMe to Ihe (mse when the 
oscillator frequency is greater by a constant amount than the 
signal frequency (the usual practice). 

There are three different eleeixieal ‘^padding” circuits which 





MODERN RADIO SERVICING 


CH. XXV 


may be used to obtain correct oscillator tracking. They are 
shown in Fig. 25-10. The simplest, but most ineffective, type of 
; circuit is shown at (A). The main '‘ganged’' oscillator tuning 
condenser is C, and the small adjustable padder mounted on its 
I side is condenser Cj has a low capacity value (about 25 
I mmfd) . It is clear that the capacity of Cx is most effective in the 
I circuit at the minimum settings of C (at the highest frequencies) , 
f since then the capacity of Ci is an appreciable part of the total 
I capacity in the circuit. Therefore it can be used effectively f or ^ 



( A *) ( B ) ( c ) CD ) 


Fig. 26-10. — Several oscillator “padding” circuits which are em- - 

I ployed for maintaining the difference between the oscillator frequency S 
and the r-f signal circuit frequency constant over the complete tuning ! 
range of the receiver. In each case, C is the main ganged tuning I 
condenser of the oscillator, C. is the adjustable high-frequency4| 
“tracking” trimmer, and C, (also is the adjustable low-frequency '' 
“padding” trimmer. . gi 

making the oscillator and r-f signal tuning circuits track proper- 
ly over the high-frequency end of the tuning range. However, if 
I these circuits should not track at the low frequencies, nothing can 
f be done about it. 

The arrangement of circuit (H) is a considerable improve- 
; ment over that of (A.)' and is used in the majority of padding' 
circuits. Condenser C is the main tuning unit as before, Ci is 
: the small adjustable padder mounted on its side, and Ct is a 
much larger adjustable condenser. The value of this latter con- 
, denser must be so large, and the amount of its variation need 
j be so small, that it is often split into a large fixed condenser in 
P parallel mth a much smaller adjustable one (see circuit (C) ). 

, Since Of is very large and is in series with tuning condenser C, 

^ ^ ^ little effect on the circuit at the high frequencies (wb^ 

I On the other hand, padder Ci, being in par- 

f with toning condenser C, is able to control the total circuit 
; ^eaMy at the high-frequency end of the dial. Hence, Ci 
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is ustially ealledi Hie hdghr’freqtienc^ paMdL&r and. Oa tlie low^fre-^ 
qtuency pcMer, 

Hie <an5iiit lyrangem^t s^own at (C) ef 1% 26-10^ ia 
essenHally the same as that at {B) with the exception that a 
large fixed ©ondoiser and a smadl adjustable tjonden^r C* are 
connoted in paraMel. It is these two condensers that constitiite 
coiicieii^r Cl at {B). This arrangement is shown in a septate 
diagr^ here because one very prominent manufacturer has 
shown this padding arrai^m^t in this way on al hk schem- 
atic digrams for a number of years, and service men may haTe 
occasion to refer to these diagrams. 

The circuit at arrangement {jy) is ess^tially the ag that 
at {B) except that the high-frequency trimmer Ci is across both 
the tuning condenser and low-frequency padder. It is little 
different from {B) as far as operation is concerned, because 
Cl is very large compared to Cj. However, its effect on the 
tuning of the circuit at the high frequencies is still more pro- 
nounced than when it is employed across the tuning condenser 
alone. 

In all four circuits shown in Fig. 25-10, C is the mfLin 
"'ganged” oscillator tuning eondmiser, Ci is the adjustable high, 
frequ^cy trimmer, and C, (or C, in circuit (C) ) is the adjust- 
able low-frequency padder. 

25-18. Aligning the Oscillator and R-F Circuits. The 

alignment of the oscillator and r-f circuits in standard-broadcast 
band receivers will now be considered. The short-circuit which 
was put across the receiver oscillator tuning condenser, or the 
grounding wire which was put on the control grid of the oscill- 
ator tube in^ order to prevent the oscillator from operating while 
the i-f amplifier was being aligned (see part (2) of Art. 25-13) 
should now be removed. The operating symptoms which Hiould 
be observed if the oscillator does not track properly with the r-f 
tuning circuits, were outlined in Art. 25-10. The effects of mis- 
aligned r-f stages were discussed in Art. 25-0. 

If the tracking between the receiver oi^sillator frequency and 
that of the r-f circuits, mid also the alignment of the r-f ampli- 
fier and mixer circuit tuning condensers (which are gto^d to- 
gether), are to be cheeked and adjusted, the shielded 
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of the test oscillator should be connected to the Ant, and 
rond. posts of the receiver, exactly as specified in Art. 24-6 for 
aligning t-r-f receivers. The output indicator should also be con- 
nected properly to the receiver (see part (1) of Art. 25-13). 
The oscillator tube, as well as all other tubes, shields, control- 
grid leads, etc., should be in their proper places. 

Directions for the alignment of superheterodyne receivers 
often specify that the r-f circuits, consisting of the r-f amplifier 
(pre-selector) and the mixer tuning condensers must be aligned 
last— after the oscillator tracking has been checked. However 
for speed and directness in this work, it is best to align them with 
each other at the same time that the oscillator circuit is being 
adjusted. The trimmers on the r-f condensers may be adjusted 
for the high-frequency end of the dial at the same time that the 
QsciUator high-frequency tracking trimmer (padder condenser) 
is being adjusted. In tins way, both operations are performed 
atr almost the same time. 

(1), Adjusting the Oscillator for correct “tracking” at the 
h%h-frequency end: First, set the test oscillator operating at 
1,4TO kc. This is the signal frequency at which the adjustable 
high-frequency tracking trimmer of the oscillator (condenser C, 
m Fig, 26-10) is commonly adjusted so that the ganged oscilla- 
condenser will track properly with the r-f circuit tun- 

M^easCTs at the high frequencies. The test oscUlator 
* 0 aM be tuned in by setting the dial of the receiver exactly to 
fcc division. If the signal is not heard at this receiver 
diw setta^, but is heard at an “off” point, say 1,300 kc, the 
WBKs^&t rfiould be retuned by adjusting the other (pre-selector 
7 tuning condensers to produce maximum output at 
MMS ofP point setting of the receiver dial; flien retuning the 
mear^ tlw 1,400 fcc divfcion and readjusting these r-f tuning 
th^e. This alternate process must be re! 
^ed, clos^ to tile 1,400 fcc dial, division each 

^ isigiml ^mes in ^ maximum ^jrengih when tiie 
ewvec ibal K set at 1 ,^ fcie divigi(»^ 

i ll ^ Ircm the test c^oillatot is finallf 

Bti'ieiigtb wfbm te tewver dial M 
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feaekmg of Mie r^ee^ver c^ill^w Aoi^d lie 

until the highest output meter deflectiGu is obtained. 

(2) AEgning the r-f and mixer tuned circuits at the high- 

frequency end: The tuned circuits of the r-f (pre-selector) 
stages (if any are employed), and of the first detector or ""mixer^" 
stage may now be aligned with each other conveniently at 
high-frequency end. With the test oscmator still connected and 
set a t 1,400 kc , the trimmers on those sections of the gang tuning 
condensers which tune these r-f circuits should be adjusted for 
maxiinum output, exactly as was eaqilained in Art. 24-8 for the 
high-frequency-end adjustment of t-r-f receivers. The timing 
dial should be ^^ocked” back and forth lightly about the 1,400 
kc point while the adjustments are bmng made. If the plat^ of 
^ese condenser sections have been bent, they should be read- 
justed over the entire range of the broadcast band. This com- 
pletes all the high-frequency adjustments to be made on the 
receiver. 

(3) Adjusting the oscillator for correct “tracking” at tiie 
lo'w-frequenc 7 end: The low-frequency trackiiig padder of tiie 
receiver oscillator (if one is provided) should now be adjusted 
with both the test oscillator and Uie receiver timed exactly to 
600 kc. This condense (condenser C, in (B) and (D), or con- 
denser Cs in (C) of Pig. 25-10) should be adjusted until the 
Molest output meter deflection is obtained. This adjustment 
Aould be made while the receiver dial is “rocked" di^tiy about 
its 600-kc position. The r-f circuit tuning condensers are not 
provided with low-frequeney padders, but thrar split rotor plates 
can be manipulated as directed in Art. 24-8 so as to make 
output meter deflection maximum. It is wise to re-oheck the 
hig^-frequency oscillator tracking adjustment at this point, for 
acctuate results. 

(4) Receivers wiaiout a paddor for low-frequency track- 
ing of the oscillator: In a few commercial recmvers, particu- 
larly of the midget type, a low-frequency oscillator-tracking 
padder is not psovi^ (as shown at (A) of Fig, 25-10). In 
oases, tile tuning ^al of tim cecmver must be turned about the 
diaft (after loosming set-screws) soothat broadcast nigTi«ii. 
at the Ipw-frequeney mdof the tuning rai^ arerccmved at the 
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correct receiver dial settings. The high-frequency oscillator track- 
ing trimmer is then adjusted so that when a 1,400 kc signal from 
the test oscillator is received, it produces maximum output, when 
the receiver tuning dial is set very close to the 1,400 kc point. 

(5) Oscillator tracking over middle of dial: Although 
ho adjustment for correct tracking between the r-f and the os- 
cillator circuits is made between 1,400 and 600 kc, some modem 
circuits automatically track exactly at 1,000 kc becaxise of the 
design of the padding circuits, if the tracking is correct at 600 
kc and 1,400 kc. In such cases, the test oscillator should be 
adjusted to feed a 1,000 kc signal to the receiver, and the oscil- 
^tor tracking should be checked at this point. If it is^off at this 
frequency, it may be necesary to realign at 1,400 and 600 kc to 
make the 1,000 kc point check closely. Otherwise, it may he 
assumed that the oscillator frequency tracks above the signid 
frequency by an amount equal to the i-f of the receiver (or at 
least within a few kc of it), over the entire dial. Only in rare 
cases need the plates of the oscillator tuning condenser be bent. 

The arrangement of the oscillator padding circuits and th< 
procedure for aligning the oscillator circuits of all- wave rC' 
ceivers will be discussed in detail in Chapter XXVIII. It will 
be seen that the general method employed, is similar to that 
used for single-band recovers. 

25-19, Aligning Receivers having Automatic Volume 
— An important precaution must be observed when 
an output meter during the alignment of receivers which 
ave (most modem sets) . With the avc functioning prop>- 
vdde changes in the alignment of the receiver might produoe 
m hotaoeable changes in the receiver output, i.e., the output meter 
wIK not Indicate any changes in output when adjustments are 
made in the r-f, oscillator, or i-f circuits, since it is the functicm 
of the avc system to keep the output constant. Hence the action 
of -am avc must be prevented while the alignment adjustment^ 
h^:^ nmie. The b^t method to employ for preventing 
jive Iwetimilng dep^ds a preat deal on the particuiar aVis 
f^ployei in tibe receiver, 

Ilj 0 ' 0 VC bj; the we ©f il 

fetfee 'frbih' 
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receive wken makiBg of any kiiid^ for it will die- 

turb Ibe normal einyraoteri^c^ of tbe reoeivor. To «se an out- 
put meter wiiii receivers of this kind, the lead ’^^liioli couplei 
tile signal to liie control grid of the avc tube should be opm^. 
*11118 will allow practically the normal tube currents to flow, but 
at Hie imme time prevent ihe avc action from taking places 

Another espedioit which may be resorted to is to use such a 
weak ^pial from the test oscillator that the ave actl^ does not 
take place, (see Art. 19-2). *I1iis latter method is espcmally 
reccnnmended when aligning receivers which employ delayed ave 
mremts (see Art. 19-d). 

Stll another method to prevent the avc action is to break 
the lead which picks off the aVc voltage horn the avc circuitr and 
distributes this voltage to the* avc^-eontroEed tubes. The part 
of the lead which goes to Hie grid circuits of these controlled 
tubes Hiould then be grounded directiy to the ehassisw This wH 
place only the small residual bias on the tub^, which will raise 
the sensitivity of the receiver to maximum, necessitating a re- 
duction in the test oscillatcn* output. This latter method is of 
special value in receivers using a ^^combination tube*' in which 
the second detector, avc and flrst-andio functions aU take place. 
The 55, 75, 85, 2B7, 6B7 etc., types are typical samples of such 
tubes. Naturally it is not p<^sible to disconnect the avc porticm 
of such tube circuits without appreciably affecting the detector 
and first audio sectloiis. 

In some receivers of the foregoing type which use a combin- 
ation second detector, avc and first-audio tube, it may be in- 
advisable to operate the tubes which are normally imd®: avc 
control, without proper grid bias voltage. In such cases, the 
normal fixed grid bias voltage may easily be supplied to th^e 
tubes by connecting a potentiometer of about 100/XK) ohms 
directly across a 45-volt B battery. The positive terminal of 
the battery should be connected to the chassis of the receiver. 
No connection other than that of the potentiometCT is made to 
the negative terminal of the battery. After the lead which picks 
off the avc voltage from avc circuit and distributes it to the 
control-grid cireuits of the avc-controEeid tubes has been lurok^, 
Hie part of this lead wMch goes to the gM inreuits of these 
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troUed tubes should be connected directly to the movable am, 
of the foregoing potentiometer. The setting of this arm may S 
a^usted to provide the correct negative grid-bias voltage for 
the normal operation of these tubes during the alignment of the 
receiver. 

After the avc has been made ineffective by one of these 
meaM, the alignment of the receiver may be carried out exactly 
as described in this chapter for receivers without avc ' 

^ceivers employing a tuning meter, shadowgraph ' “maeie 
<eye , or other device for indicating station resonance, do not re- 
quire ^e use of an output meter for indicating the receiver out- 
put when alignmg the tuned circuits. The foregoing precautions 
regmr^g the avc action are also unnecessary in these receivers 
smce the resonance indicator of the receiver can be used instead 
of the output meter, for indicating the output. 

25-20. Alignmg a Receiver Whose I-F is Unknown — 
W^en a superheterodyne receiver exhibits definite symptoms 
which pomt to incorrect alignment of the i-f stages (see Art. 
25-S), toe condition may be remedied easily enough with the aid 
of a cahbrated modulated test oscillator and an output indicator 
(as previously eiqilained in Arts. 25-13 and 25-14), provided 
toe correct mtermediate frequency of the receiver is known 
ilowevOT, toe oc^ion may arise where alignment is found neo- 
but toe mtermediate frequency is unknown. If a test 
o^ato w avafiable, the determination of the correct i-f is not 
tofeult, amce toe majority of commercial superheterodyne re- 
«>» » U„, 

The test oscillator must be capable of supplying fundamental 

so that toe ra^ of mtermediate frequencies which have 
^ commo^y employed in receivers may be covered. (Very 
few eomm^cial receivers use a lower i-f than 130 kc.) (See the 
autoo^s Bad^o TrotO^le^oter's handbook for a complete 
ab^^ of toe i-f’s of Ammican superheterodyne receivers.) 

reeeivj to be ahgned should first be placed in to4 best 
J^i^ c^^ p*,saible. Th^ the output indicator, if one 

9 wed, toouM be eonnwtirf properiy to the output circuit of the 
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receiver. A modtilatoi signal from iiie tet oscillator should now 
be fed ink) the grid of ^ther the first or the last i-f tube and the 
osctMator section of the receiver tuning condenser should foe 
^^shqrted out” to prevent harmonics from the test osciHator from 
feeding back into the r-f circuits of the receiver. The frequ^cy 
of the test <^illator should then be varied slowly and carefvUy 
b^ween about 550 kc and 100 kc, starting at SM) he and slowly 
reducing Uke frequency untH a sigpal is heard in the receiver 
louds|>e^€r, or is ^own hy the output indicator. The frequency 
setting of the test <^ciilator at which the signal is heard (or in- 
dicated) is probably the i-f peak of the receiver (although it ‘ 
may he a harmonic of the i-f peak) . 

A check i^ould now be made to find out whether it is really 
the i-f peak or whether it is a hormomc of it. To do this, first 
set the test oscillator at ttoice the frequency found by the fore- 
going procedure. If no signal is heard (or indicated), then the 
original frequency setting of the test oscillator is the i-f peak 
of the receiver. {Now, by setting the frequency of the test Os- 
cillator at half the determined peak, its second harmonic signal 
should be heard — or indicated — but not quite as strongly as be- 
fore, which is further confirmation of the i-f peak.) 

It is quite possible that the intermediate frequency deter- 
mined by the foregoing procedure results in some odd frequency, 
such as 459 kc or 461 kc, etc. By consulting a compilation of 
intermediate frequencies, the nearest commonly used i-f to this 
can be determined — ^in this case it is 460 kc. This latter fre- 
quency can therefore be taken as the correct i-f of the receiver, 
since the i-f alignment of the receiver as it was brought into the 
shop may have been ‘‘out” by just one or two kc. However, the 
resonance points of i-f transformers seldom vary by more than 
one or two kilocycles from the specified correct i-f peak fre- 
quency unless they have been disturbed or the receiver has un- 
dergone unusually rough handling. 

Another important matter is that of adjacent i-f peaks — 
that is, cases where definite peaks are obtained at adjaemt fre- 
quencies (such as 175 kc and 177.5 kc, 260 kc and 262 kc, etc.) 
In such cases, is cme to determine which of the two adjacent in- 
termediate frequencies is the correct receiver i-f? In almost 
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wery instance of this kind it will be found that the i-f tran.. 
former will peak more readily at one of these frequencies-the' 
one winch is the correct receiver i-f— without the necessity of 
tightening down or entirely loosening the trimmer condenser 
adjustments. For example, should the foregoing i-f peak checS^ 
up reveal defimte peaks, say, at both 260 kc and 262 kc anH 
should it then be found that the “trimmers” must be tightened 
down con^derably to align the i-f amplifier correctly at 261 ke 
then by this reasoning 262 kc would most likely be the correct 
receiver i-f. . 

^ 25-21. Oeeration of the Double-Spot (Image-SuDDresal««\ 
Cwmit.— The ^eulties which may be caused in superhetero- 

were discussed 

m Arts 23-13 to 23-16 mclusive. It was explained there that 
image-^uency interference results in double-spot reception 

frequency of the interfering^^-’ 
that may cause the double-spot reception is always hia?ier 

which the r-f circuits are tuned at the particular dial-setting 



feraase aad double-spot tanfcg 

*«iMe-epot ctrcnit are ^ tuning circuit and ttie 

tuned simultaneonsly to two different fro- 


consWered, it is necessary to prevent any enerny at th« 
fcran ^taring ttie first detects or “mixer” Mort 

ordinary shJsS 

of ^ly-tuned r-f iunpIifieatlS ahS 
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of the first detaetor. These stages are timed to the frequ^cy 
of the dedbred station, and their natural i^iectivity is de|>mdckl 
upon to prevent int^fering signals of all oth^ freqiimcles (in- 
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Figl 25-12,- — Graphs showing how Ihe oscillator Ireqaency is 
varied automatically over the entire dial range so it "tracks**^ above 
the frequencgr of the r-f signal drcnits by an amount equal to the 
i-f of the receiver (ISO kc in this case). The double-spot circuit is 
also varied in step with these two, it being tuned always to the donble- 
spot frequency. For any given setting of the dial, the oscillator fre- 
quency is 130 kc higher than the dial-frequency setting, and the 
double-spot circuit is 260 kc higher than the dial-frequency setting. 


eluding the image-interference signal) from getting to the first 
detector. 

In some other commercial supierheterodynes (Ms prob- 
lem has been attacked in a more direct way by incorporating in 
the input circuit of the receiver, a "doublen^ot” circuit which 
is always tuned automatically to ihe image frequmey (by means 
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of one section of the main gang tuning condenser) no matter 
what the position of the main tuning dial is. Its effect is to 
effectively present what amounts to a short-circuit to the 
frequency, across the complete timing circuit from the control- 
grid to the ground or cathode, so that the image-frequency sig- 
nal for any receiver dial setting never gets to the mivar circuit. 
The circuit arrangement of this kind which has been employed 
in Atwater Kent receivers is shown in Fig. 25-11. 


In this arrangement, the complete pre-selector circuit, con- 
sisting of lit, Li and Cx, and C* plus Ca, (all in series) tunes 
to the desired broadcast frequency. A part of this circuit, con- 
sisting of Li, the double-spot trimmer C, and variable tuning 
condenser <7, (mth its trimmer Ca) tunes simultaneously with 
the pre-selector, but its frequency is always higher than that 
of the pre-selector or dial frequency by an amount equal to 
twice the i-f. This is shown pictorially in Fig. 25-12 for a 
broadcast-band receiver which employs a 130-ke i-f. As the re- 
ceiver dial is turned from about 60 to 150, the frequency to 
which the r-f (pre-selector) circuits tune varies from about 600 
to 1,500 kc. At the same time, the oscillator frequency varies 
simultaneously, so that it “tracks” exactly 130 kc above this 
pre-selector (r-f) frequency for every setting of the tuning dial 
At the same time, the frequency to which the double-spot (or 
oih® image-suppression) circuit times is always exactly 260 kc 
(twice the i-f) above the pre-selector frequency. Therefore, it 
^ways tenms to the image frequency. Since this latter circuit 
m “acceptor” circuit and is connected from the control grid 
catiiode of toe mixer, it acts as a short-circuit to the 
BBt^ency of the image signal that might otherwise cause 
touhte^ipot reception and practicaUy eliminates anv s„ch 
Sigjr from reaching the mixer. 


Ctrit n ^ f « Double-Spot (Image-Suppression) 
Cm^-^ecause of the fact that the double-spot trimmer C, 
^ toe C. of toe variable condenser C. are in the 

adjustment of one affects toe other. The proper 
IS «anred when ftirtoi® adjustoient of either trim- 
»« dDes not toe 1,600 to signal straigto, and does not 
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further decrease tlie double-spot volume at a fr^ueuey equal 
to 1,500 kc minus twice the i-f. In practice, in recmv^rs whidi 
use the douM^-^pot cireiiit/ the double-^ot trimmer need nevirar 
be adiitefed imleas the trimmer €s (Fig. 25-11) has been ad- 
justed, or unless image interference occurs. 

The adjustment of the double-spot circmt is not diMeult. 
In order to make it on the Atwater Kent recdivers whieli em- 
ploy this circuit (these receivers employ an i-f of 130 kc), a 
1,5CM> kc test oscillator ihat may be switched from a normal 
strength to an extra-strong signal is necessary. The extra- 
strong 1,500 kc signal must be of such strength that the double- 
^K>t volume of this ^gnal (which is tuned in at 1,240 kc) can 
, not be entir^y eliminated even with the double-spot circuit 
correctly adjusted. This is necessary in order to make an ac- 
curate adjustm^t of the double-i^ot trimmer. If th^e was no 
response at the double-spot point over a wide adjustment of 
the double-spot trimmer it would be impossible to set this 
trimmer to the correct point. The adjustment procedure is as 
follows: 

(1) The otf^ut indicatoT shcml^ first be connected in the nsnal 
way to indicate the output of the receiver. Then the shielded cable ef 
the test oscillator should be connected properly to the Ant. and Gnd, 
posts of the receiver. With the test oscifiator supplying^ a 1,500-kc 
signal of normal strength, and with the dial pointer of the receiver 
set to 1,500 kc, the pre>selector trimmers, the antenna trimmer, and 
the oscillator trimmer shonid be adjusted for maximum reading on 
the output meter. 

(2> Now the test oscillator output control should be turned up 
to full **on” position to supply an e^^ra-strong sigiml Cstill at 1,500 
kc>, and the receiver should be set with its dial pointer at 1,240 kc. 
When the dial pointer is in this petition, the double-spot circuit is 
tuned exactly to 1,500 kc (see Art. 25-21). Now the double-spot 
trimmer (C,) should be adjusted to give as close to minirmvm re- 
sponse on the output indicator as is possible This sets the double- 
spot circuit so it is most effective in any ^coining double- 

spot (image) interfering signal. 

(3> Now the test oscillator should be switched badk to normal 
strength (still at 1,500 kc), the set should he tuned to the 1,600 kc 
signal, and trimmer C, shonid be readjusted fox ma^cimum output. 

(4) The receiver should , how be tuned back to 1,240 kc, the 
extra-strong 1,500 kc test^roscillator signal should .be switched on, 
and final adjustment of the double-spot trimmer should be made 
for vn^mifnurn output. 
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of one section of the main gang tuning condenser) no matter 
what the position of the main timing dial is. Its effect is to 
effectively present what amounts to a short-circuit to the image 
frequency, across the complete tuning circuit from the control- 
grid to the ground or cathode, so that the image-frequency sig- 
nal for any receiver dial setting never gets to the mixer circuit. 
The circuit arrangement of this kind which has been employed 
in Atwater Kent receivers is shown in Fig. 25-11. 

In this arrangement, the complete pre-selector circuit, con- 
sisting of Lt, Li and Ci, and plus (all in series) tunes 
to the desired broadcast frequency. A part of this circuit, con- 
sisting of hi, the double-spot trimmer Ci and variable tuning 
condenser C% (with its trimmer Cj) tunes simultaneously with ; 
the pre-selector, but its frequency is always higher than that | 
of the pre-selector or dial frequency by an amoimt equal to 
twice the i-f. This is shown pictorially in Fig. 25-12 for a I 
broadcast-band receiver which employs a 13D-kc i-f. As the re- | 
ceiver dial is turned from about 60 to 160, the frequency to | 
which the r-f (pre-selector) circuits time varies from about 600 I 
to 1,500 kc. At the same time, the oscillator frequency vanes 
simultaneously, so that it “tracks^' exactly 130 kc above this “ 
pre^selector (r-f) frequency for every setting of the tuning dial || 
At the same time, the frequency to which the double-spot (or 
other image-suppression) circuit tunes is always exactly 260 kc 
(twice the i-f) above the pre-selector frequency. Therefore, it | 
always tunes to the image frequency. Since this latter circuit 
is an “acceptor” circuit and is connected from the control grid 
to the cathode of the mixer, it acts as a short-circuit to the 
firequency of the image signal that might otherwise cause 
double-spot reception and practically eliminates any such en- 
from reaching the mixer. I 

25-22. Adjusting a Double-Spot (Image- Suppression) 
Circuit. — -Because of the fact that the double-spot trimmer Ci 
and the trimmer Cj of the variable condenser C$ are in the 
same circuit, adjustment of one affects the other. The proper 
adjustmeiit is secured when further adjustment of either trim- 
in^ do^ not increase the 1,500 kc signal strength, and does not 
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further decrease the double-spot volume at a frequency equal 
to 1,500 kc minus twice the i-f. In practice, in receivers which 
use the double-spot circuit, the double-^ot trimmer need never 
be adjusted unle^ the trimmer Cs (Fig. 25-11) has been ad- 
justed, or unless image interference occurs. 

The adjustment of the double-spot circuit is not difficult. 
In order to make it on the Atwater Kent receivers which em- 
ploy this circuit (the^ receivers employ an i-f of 130 kc), a 
1,500 kc test oscillator that may be switched from a normal 
strength to an extra-strong signal is necessary- The extra- 
strong 1,500 kc signal must be of such strength that the double- 
^ot volume of this signal (which is tuned in at 1,240 kc) can 
not be entirely eliminated even with the double-spot circuit 
correctly adjusted. This is necessary in order to make an ac- 
curate adjustment of the double-spot trimmer. If there was no 
response at the double-spot point over a wide adjustment of 
the double-spot trimmer it would be impossible to set this 
trimmer to the correct point. The adjustment procedure is as 
follows: 

(1) The output indicator should first be connected in the usual 
way to indicate the output of the receiver. Then the shielded cable of 
the test oscillator should be connected properly to the Ant. and Grnd. 
posts of the receiver. With the test oscillator supplying a 1,500-kc 
signal of normal strength, and with the dial pointer of the receiver 
set to 1,500 kc, the pre-selector trimmers, tdie antenna trimmer, and 
the oscillator trimmer should be adjusted for maximum reading on 
the output meter. 

(2) Now the test oscillator output coptrol should be turned up 
to full "on” position to supply an extra-strong signal (still at 1,500 
kc>, and the receiver should be set with its dial pointer at 1,240 kc- 
When the dial pointer is in this position, the douhle^spot circuit is 
tuned exactly to 1,500 kc (see Art. 25-21). Now the double-spot 
trimmer (Cy) should be adjusted to grive as close to wmimum re- 
sponse on the output indicator as is possible. This sets the double- 
spot circuit so it is most effective in eliminating any incoming douhld- 
spot (image) interfering signal. 

(3) Now the test oscillator should be switched back to normal 
strength (still at 1,500 kc), the set should be tuned to the 1,500 kc 
signal, and trimmer C, should be readjusted for ma^^imwnt output. 

(4) The receiver should how be toned back to 1,240 kc, the 
extra-strong 1,500 kc test-oscillator signal should be switched on, 
and final adjustment of the double-spot trimmer should be made 
for minimum output. 
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These adjustments may be considered to be correctly made 
and final when further adjustment of trimmer Cs (with the os- 
cillator operating at normal strength at 1,500 kc and the re- 
ceiver timed to 1,500 kc) does not produce an increase in out- 
put, and, second, when further adjustment of the double-spot 
trimmer, Ci, does not produce a further decrease in the output 
(with the test oscillator set at 1,500 kc and the receiver tuned 
to 1,240 kc). 

25-23. Adjusting Other Types of Image Suppression Cir- 
cuits. — As explained in Art. 23-15, many receivers employ a ' 
continuously-tuned trap circuit (see Fig. 23-11) designed to 
prevent interfering image signals from getting through to the ^ 
mixer tube. This circuit is tracked with the other tuned cir- - 
cults in the receiver and simultaneously tunes to a frequency * 
which is always higher than that of the pre-selector by a figure ] 
equal to twice the i-f. ’ Therefore, when such image-suppressor I 
trap circidts are to be adjusted at any dial setting of the re- 1 
ceiver, the test oscillator which feeds its signal into the Ant and I 
Gnd terminals (see part (1) of Art. 25-22 for the proper con- \ 
nection of the test instruments) should be set at a frequency I 
hi^er than the receiver dial setting, by a frequency equal to p 
"'twice ,the i-f. , J| 

Let us suppose that a trap circuit of this kind is to be adjust- 
ed in a receiver whose i-f is 180 kc. The receiver dial should be 
set at about 1,200 kc. The test oscillator should be connected 
to the receiver and set for maximum signal output at 1,200 plus 
2 X 180, or 1560 kc. This would be the frequency of an image- 
interference signal for this receiver dial setting. Since it is being 
fed into the receiver, the image suppressor circuit must now be 
aligned so that it shuts out this signal, thus preventing it from 
re^hing the mixer tube. Of course, when this signal is com- 
pletely shut out, the fact will be indicated by a inininiurn deflec- 
tion of the output meter. 

Of course, if, as in the case of the double-spot circuit de- 
scribed in Arts. 25-21 and 25-22, the suppressor trap circuit 
fmnm a part of (or affects in any way) another timed circuit, 
perfect alignmmt will have to exist at the pre-selector frequency 
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as well as at the image frequency. This may be secured by the 
method outlined in Art. 25-22. 

25-24. Use of Insulated Tools During Alignment. — Since 
the adjusting nuts, screws or plates of the condenser gang, and 
the i-f transformer trimmer condensers in superheterodyne re- 
ceivers are not at ground potential in all receivers, the use of 
a metal socket-wrench or screw-driver for making the adjust- 
ments may cause very disturbing hand-capacity effects which 



Fig. 25-13. — Three views of a combination fountain-pen size neu- 
tralizing tool made of fibre. By screwing the various sections to- 
gether in different combinations 1/4- and 5/16-inch nut wrenches, a 
miniature blade screw driver for neutralizing and aligning, and a 
full-size general-purpose screw driver with insulated handle are 
provided. 

may prevent accurate adjustment of the circuits. A bakelite 
or similar composition socket-wrench or screw-driver about 
%,-inch in diameter, or an insulated ^^neutralizing” tool should 
be employed for making these adjustments. Many effective 
tools designed especially for this work are available. The parte 
of a typical fountain-pen size combination tool of this kind 
which can be clipi>ed to the vest pocket like a foimten pen, are 
illustrated in Fig. 25-13. Such tools are also useful for adjust- 
ing neutralizing condensers (see Arts. 24-17 and 25-15), etc. If 
hand-capacity effects are noticed at any time when such ad^ 
justments are made, it is usually necessary to make the ad- 
justment so that the peak outpvt reading is obtained when the 
aligning tool is removed from the adjusting screw or nut. 

25-25. Need for the CaHiqde-Ray Tube in Receiver Align- 
ment. — AH of tibe methods fcpr aligning #ie tuned stages of 
receivers which have been d^cribed thus far in this chapter and 
in Chapter XXIV, make use of a test oscillator to supply Mg- 
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nal voltages of the desired frequency and strength to the re- 
ceiver, and some device to indicate the output voltage or cur- 
rent of the receiver during the alignment. These are connected 
to the receiver as already described. It is a fairly simple mat- 
ter to align the r-f tuning circuits of ordinary t-r-f receivers 
and the i-f circuits of superheterodynes which employ peaked 
i-f amplifiers, when this equipment is used, for the circuits are 
simply adjusted or ^^peaked” xmtil maximum indication is ob- 
tained on the output indicator. Any of the simple forms of out- 
put indicators already described in Chapter VII are satisfac- 
tory for this purpose. 

When superheterodyne receivers which employ i-f amplifiers 
having flat-top or band-pass characteristics (see Art. 25-14) 
are to be aligned, the problem is much more difficult. Most 
high-fidelity receivers employ this type of i-f amplifier so that 
a band width approximately 15 kc wide may be passed by the 
i-f amplifier without appreciable attenuation of any of the 
upper audio frequencies. This will be discussed in detail in 
Chapter XXXI. Most of these receivers have an i-f amplifier 
characteristic with a pronounced double peak, as shown in Fig. 
25-9. In some, this double peak is obtained by a slight stag- 
gering or de-tuning of the successive i-f timed circuits, in others 
it is obtained by tight coupling which produces the character- 
istic double-hump tuning curve. Since the performance of such 
receivers depends to a large measure upon the correct adjustment 
of these tuned circuits, they require more precise adjustment 
than it is usually possible to make when the ordinary meter 
type or neon-tube type output indicator is employed; other- 
wise, distortion and other troubles will result. It is difficult to 
dovble-peak an i-f amplifier properly and quickly with this 
equipment since the depth of the ‘Valley^’ between the peaks is 
difficult to determine unless a plot of the ciuwe can be exam- 
ined, Most of the difficulties which arise in this work can be 
eliminated however, if it is made possible to look in on the tuned 
circuits and actually see their tuning characteristics during the 
{dignment. In other words, if, instead of relying on the usual 
output indicators to tell merely when the circuits are ‘^peaked*^ 
some c^lhser device is available which automatically and instantan- 
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eously plots the response curve of the receiver, so i^at the service 
man can see it while making the adjustments, he wiU then be in 
a position to see exactly what effect each adjustment is producing 
and know exactly when the circuits are properly adjusted. This 
may easily be accomplished by using a suitable cathode-ray 
tube in conjunction with several important associated circuits 
which will be described in the following sections. ^'Visuals”, or 
resonance-curve tracing devices for showing the resonance curves 
of the intermediate- or radio-frequency stages of broadcast re- 
ceivers have been used for some time by many receiver manufac- 
turers who have installed cathode-ray outfits to align their reg- 
ular production sets. So, when radio service men employ these 
devices in iheir service work, they are merely following in the 
footsteps of these alert manufacturers. 

25-26. Cathode-Ray Tubes. — ^The cathode-ray tube has 
been used for quite a number of years as a tool for labora- 
tory research. Professor F. Braun is credited with having first 
applied the tube for measurement purposes, about 1897. However, 
its extensive practical application did not occur until about eight 
years ago when it was employed for surge measurements in the 
study of natural lightning phenomena, for surge investigations 
in the laboratory, etc. Considerable improvements have been 
made in it since then in the many attempts to utilize it in 
television systems. N'ow, the development of a series of new 
improved types of cathode-ray tub^ designed for specific pur- 
poses, and the reduction in cost of complete cathode-ray os- 
cilloscope outfits and accessories has opened up ext&Dmve new 
applications for this versatile instrument — especially in the 
radio servicing field. Possibly the two main reasons why the 
cathode-ray oscilloscope is so valuable are: (a) the negligible 
inertia of the ^ectron beam eliminates ah damping effects and 
enables it to follow variations of almost any frequency in the 
voltages applied to the deflecting plates, (b) the electron beam 
traces a picture of the circuit conditions on a screen, which 
can he conveni^tly ol^erved visually. 

It is unnecessary, and beyond the scope of this book, to 
^ter into an ^dended discusmon of the theory of operation 
and construction of all typ^ of cathode ray are 
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made in several forms — each designed to perform a certain de- 
sired tast best. If he desires these details, the reader is referred 
to the Radio Physics Course by Ghirardi. Only the construction 
and operation of the type of cathode-ray tube which is being 
used most in oscilloscopes which are designed especially for radio 
service work will be described here. 

25-27- Structure of the Cathode-Ray Tube. — ^The modem 
form of cathode-ray tube consists essentially of six main parts. 
These are: 

1. A filament which serves to heat the cathode. 

2. The cathode from which the electron stream is emitted. 

3. A device for concentrating, controlling and focusing 
this electron stream into the form of a fine beam. 

4. An arrangement for deflectinb the beam (either elec- 
trostatically or electromagnetically) , 

5. The fluorescent screen or target which emits light when 
struck by the electron beam. 

6. The glass envelope into which all the foregoing parts 
are sealed for the maintenance of a vacuum. 

The arrangement of these various parts is shown diagrammat- 
ically in Fig. 25-14. The deflecting plates, screen and glass 



the various main parts in a typical 
c^th£^e-ray tune designed for radio service work. An actual tube 
of this type is illustrated in Fig. 25-16. 

envelope are visible in the illustration of Fig. 25-15, which 
shows a modem cathode-ray tube pj;ovided with a 7-prong tube 
base tio which all the internal connections, are brought out. 
2S-28. Blectron Bmitter of the Cathode-Ray Tube. 
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— ^Referriiig to Fig. 25-16, the tube contains a coiled tungsten 
heater filament F similar to that used in a radio vacuum tube. 
This is connected to a source of low alternating voltage and heats 
the tubular metal cathode, K, which surroimds it. The emitting 
surface, which is usually flat, is coated with an oxide prepara- 
tion which emits a copious stream of electrons when heated, 



Oottrtegy ROA Madio^on Oo.» / imp . 

Fig. 25-15. — A. typical cathode-ray tube of the type shown dia^ 
grammatically in both the foregoing and following illustrations. The 
two sets of deflecting plates, glass envelope, fluorescent screen and 
base with connection prongs are clearly visible. 

just as does the c&thode in an ordinary vacuum tube. Hiese 
liberated electrons are attracted strongly by the positively- 
charged high-voltage anode. A*, and move toward it at 
velocity under the influence of the ''positive'^ potential which is 



Fig. 25-16. — Internal construction of a typical cathode-ray tnb^ 
The electron beam is projected along the length of the tube to the 
fluorescent screen upon which it impinges and produces a spot of 
visible light. 

applied to it. The speed of the electrons is proportional to this 
voltage. This stream of electrons moving at high-^eed ecmsti- 
tutes the cathode-^ay, hence the name eathode-ray tube. Al- 
thou^ this electrode has a poisitive potential appfied to it> the 



744 MODEEN RADIO SERVICING CH-XXy 

term anode is applied to it in preference to the term plate, be- 
cause of the confusion that would arise due to the fact that there 
are other (deflecting) plates in the tube. The term plate is re- 
served solely for the deflecting plates Pi, Pg, Pa and 

25-29. Action of the Intensity-Control and Focusing 
Electrodes. — On their way from the cathode to the anode the 
electrons are acted upon by the intensity control grid, G. The 
bias voltage applied to this control grid is made variable to 
provide a means of controlling the intensity of the electron 
stream. 5 

As the electrons leave the cathode there is a tendency for i 
the beam to spread out, fan-shaped, as it travels toward the I 
screen. This spreading out is caused by the mutual repulsion of | 
the individual electrons of which the beam is composed, since I 
they are really all negative electrical charges and ‘like” charges ^ 
repel each other. It is necessary to prevent this spreading out 
of the electron stream; in fact in order to get only a tiny spot 
of light on the fluorescent screen, S, it is necessary to actually 
focus the electron stream to a fine, sharp point at the screen, 
much the same as the light rays from an incandescent lamp, L, 
may be focused to a point, P, on a screen, S, by means of the 
two lenses Li and L, as shown at (A) of Fig. 25-17. The 
amount of li^t may be controlled by the shutter T, which, if 
closed will shut off the light completely. The size or definition of 
the image on the screen S is controlled by adjusting the position 
of the lenses to the correct distance. This is called “focusing”! 

The arrangement employed for controlling the intensity and 
focusmg of the electron stream in the cathode-ray tube is shown 
in detail at (P). The cathode, focusing electrode (A/) and anode 
CAf) conmdered together are often referred to as the electron gun 
because their function is to ‘^shoot’^ the electrons along through 
the length of the tube. The various parts in this illustration are 
labeled to correspond with those in Fig. 25-16. 

Tile bias voltage of grid G controls the number of electrons 
allowed to pass through it.. After passing through thim grid the 
^ectrons ^ter the hollow anode Ai at one end. By the time they 
reach the opposite eaid of A, the action on the electrons due to the 
eleetrostaiic field created by the charges on these electrodes 




Fig. 25-17 . — {Ay How light rays may be focussed to a small 
point by means of glass lenses. 

(H) An electron stream may also be focussed to a i^all point 
by means of el^stirically charged electrodes surrounding it. 


5 to 1 for the tube of Fig. 25-15. In practice, the voltage of 
anode A* is generally held constant and that of Ai is made vari- 
able through a sufficient range to assure the focusing of the beam 
at the screen, since it is the smaller voltage to control. If a nnn- 
ute quantity of a suitable inert gas is introduced in the tube, it is 
possible to produce an ionization effect along the bulb. The 
negative ions produced will repel the electrons in the cathode- 
ray stream and thus tend to keep them crowded together in the 
form of a fine beam. 

Some of the older models of cathode-ray tubes were not 
equipped with a focusing anode, and variation of the spot size and 
intensity could only be controlled by the heater current and an- 
ode potential. This -control method was generally unsatisfaetory. 

25-30* The Fluorescent Screen. — When the electrons r^ch 
the anode they will have attained such high velocity due to iis 
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attraction that those which are in line with the tiny hole in its 
center will shoot right through it and continue on their way until 
they strike the inner surface of the flat, far end of the tube. 

The inner surface, S, of the flattened end of the tube is coated 
with a material that glows or ^'fluoresces'’ when electrons im~ 
pinge upon it, thereby producing a bright spot of light- The 
material is usually bound on with pure water glass- Several dif- 
ferent materials, and combinations of them, are in current use 
for different colors of fluorescence. The most active one for pro- 
ducing visual light is zinc silicate (in the form of the powdered 
mineral known as WUlemite) - This glows a bright yellow-green, 
to which the human eye is most responsive. If the trace of the ; 
cathode-ray beam is to be photographed, calcium tungstate, f 
which glows a bright blue color is better, since its light is about - 
thirty times as active on a photographic plate as is that from zinc ! ; 
silicate. Cadmium tungstate may also be employed. Mixtures 
of these substances are often used to produce a fluorescence fair- .‘j 
ly well suited for both visual and photographic requirements. | 

When the rapidly moving electrons strike the screen of fiuor- 
escent material, they are stopped suddenly and their impact || 
energy produces light which appears as a spot of fluorescent glow. 
Since the impact energy of the electrons varies as the square of 
their speed (which depends upon the square of the voltage on the 
anode As), the fluorescent-spot brilliancy increases rapidly as 
this voltage is increased. If the electron stream is focussed care- 
fully by adjusting the voltage on anode Ai, the spot of light 
produced will be very small, but intense. 

Because the size and intensity of the fluorescent spot of light 
produced on the screen are very important in the use of the 
cathode-ray tube, the intensity-control grid and the focussing 
anode are very important parts of the tube. A spot that is too 
large will not give a sharp image; one that is too small may be 
difficult to see. A spot that is too dim may not photograph well 
or may not be seen with ease in a lighted room; a spot that is 
too intense will cause deterioration of the active material with 
winch the screen is coated. This is caused by the intense bom- 
bardment i^ultmg at the point of impact of the electron stream 
on the coiMang of the scureen. Jr^ how intense this bombard- 
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ment and impact is may be realized when it is known that the 
electron stream bombards the screen very much like rapidly-fired 
machine-gun bullets would bombard a target, excepting that the 
machine-gun bullets would have a muzzle velocity of only about 
2,000 miles per hour whereas the electrons in an ordinary cath- 
ode-ray tube operated with 1,000 volts on the anode have a 
velocity of approximately 42 million miles i>er hour! Because 
•of this intense bombardment of the screen, the beam should 
never be allowed to remain motionless, for if this occiurs, the 
full impact energy of the electrons will be liberated and eon- 
c^trated at the focussed spot on the screen, causing the fluores- 
cent material to disint^rate. A black spot will be observed in 
the serem after this occurs. 

Cathode-ray tubes are rated according to the diameter of 
the screen: a 3-inch tube is one with a screen 3-mches in dia- 
meter; a 5-inch tube is one with a 5-inch screen, etc. 

25-31. Action of One Pair of Deflecting Plates. — The 
t>eam of electrons which is projected along the tube from the 
cathode to the screen, is nothing more than an ordinary unidirec- 
tional electric current since it consists merely of a beam of 
rapidly moving electrons. Therefore, since it is the equivalent 
-of a current-carrying wire withotit inertia, it can be deflected or 
bent by the application of a magnetic field produced by either a 
magnet or a current-carrying coil, or by an electrostatic field such 
as is set up betwera metal plates to which a potential is applied. 
The falter method is the one employed in the cathode-ray tub^ 
employed in radio service work. These deflecting 'plates ecmstitute 
the important elements as far as the actual use of the tube is 
concerned. The tubes shown in Pigs. 25-14, 25-15 and 25-16 
have two pairs of deflecting plates each. In Fig. 25-16, one 
of plates, Fi and Pg, are arranged almost parallel to each oth®r 
in one plane along the axis of the tube, and are equidist^mt from 
the electron beam. They actually diverge outward sli^tiy i n 
the direction of the i^een, s o that even though they "are mount ed 
c Tdie ToTSe electron be amTor strong deflection control , they ..mil 
not be in its way whenever the beam is deflected _neaT the ex- 
treme edge of the s creen. T he second pair of plates, P, and P 4 , 
am mounted at rightl^gl^ to the first pair, and are also equi- 
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distant from the electron beam. The mutual positions of these- 
plates can be seen clearly in the cathode-ray tube illustrated in 
Fig. 25-15. In some tubes, one of the plates of each pair are 
connected together and to the high-voltage anode inside the tvhe 
(see Fig. 25-16) , in others, separate leads are brought out from 
each of the plates, there being no internal connections between 



Fig. 25-18. — ^How the electron beam is *T>ent” or “deflected” by 
the electric charges applied to the deflecting: plates. Only one pair 
of deflecting plates is shown here for simplicity. 

them. The latter arrangement permits greater freedom in the- I 
use of the tube for measurement purposes. 

The action of these deflecting plates upon the electron beam 
wiU now be studied. Suppose the cathode-ray tube is connected 
for operation and a spot of light is seen in the center of the- 
fluorescent screen. Now suppose that a voltage is applied to* 
the two deflecting plates Pi and P« as shown in (A) of Fig 
25-18 (the other two plates are not shown here) so that plate Pi 
is made positive and plate P* is made negative. The positive 
plate will attract the negative electrons flying past it, and cause 
the beam to bend or deflect toward it as shown. The negative 
plate will repel the negative electron stream, aiding the actioni 
of the other plate in deflecting the beam to the position shown. 
Upon the application of this deflecting voltage, the spot of light- 
moves from point A to point B on the screen. Naturally,, 
the amount of deflection depends upon the intensity of the beam,, 
the anode voltage, and the voltage applied to the deflecting; 
plates. If, now, the polarity of the deflecting plates is reversed,, 
as shown at (P), the electron beam will be deflected in the- 
opposite direction, and the spot of light will move back through* 
point A to point C on the screen. 

Now suppose tliat a potentiometer connected across a P-bat- 
tery serves as a source of adjustable voltage to be applied to* 
tbese two deflecting plates Pt and P, as shown in Fig. 25-19.. 
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When arm K is above center-tap T on the potentiometer, plate 
Pi is made positive with respect to plate Pf and the normal 
electron beam (which takes the path OA when no potential is ap- 
plied to the plates) wdl be deflected toward plate Pi and strike 
the screen at point B, When the arm K is below the point T, 
the spot of light will appear at point C, because P* is now 
positive with r^x>ect to Pi and the electron beam. These plates 
attract the electron beam just as the plate of any radio tube 
attracts electrons. However, in this case, the entire beam is bent 
by the attractive (or repulsive) force. If the contact K. is now 
moved back and forth rapidly, the spot of light will move up 
and down ihe screen in a straight line B-A~C, and will trace 
this strai^t line on the screen. 

A Although each section of the line is generated at a slightly 
iift&rent time, the entire line will appear continuous because of the 
*‘l>crsistence of vision” property of the eye and because the spot 
on the screen actually remains bright ('^persists”) for a short time 
after the spot itself moves away. (Persistence of vision is a prop- 
erty of the eye which enables it to retain the image of an object 


SPOT OF 
" LI GHT 


TRACE OF 
^ THE 
MOVING 
SPOT OF 
■" LIGHT 


Pig. 25~19. — ^How a vertical is traced on tlie screen by 

the moving- spot of light in a cathode-ray tube when varying poten- 
tials are applied to the pair of horizontal deflecting-plates only. 

after the object itself has been removed. It is upon this prin- 
ciple that the motion picture projector works.) Furthermore, 
the movement of the beam follows the vacation in potential 
instantaneously, since an electron beam has no inertia. For this 
reason, the movement of the caihode-ray beam will respond 
faithfully to rapid ch^ges of the defection potmtials, even 
thou^ these changes may take place m a fraction of a 
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millionth of a second. Therefore, this device may be used even 
on high radio frequencies. 

In a similar manner, if the deflecting voltage is applied to 
plates Ps and P 4 , as shown in Fig. 25-20, and varied in the same 



Fig.^ 25-20. — a horizontal image is traced on the screen by 
the moving spot of light in a cathode-ray tube when varying poten- 
tials are applied to the pair of vertical deflecting-plates only. 

way, the line which the spot of light traces will appear in the 
horizontal direction shown. The amount of deflection of the 
beam is proportional to the voltage applied to the deflection 
plates, and the amoxmt of voltage required to deflect the spot 
of light a distance of one inch over the screen is a measure of 



Fig. 25-21. — The lo- 
cation of the instan- 
taneous positions of i 
the spot of light at 
various corresponding 
instants during one 
cycle of a sine-wave 
voltage which is ap- 
plied to only one set 
of the deflecting 
plates, is shown at the 
right. 


the sensitivity of the cathode-ray tube. For instance, this value 
for the tube shown in Fig, 26-15 is approximately 75 volts per 
ineb. 

Ifow^ let us suppose that an alternating voltage from a trans- 
fcnmier is applied to one set of deflecting plates, and the second 
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set ifi left open; the rmilfang path traced over by the spot of 
light will be a straight lme> as shown at the right of Pig. 25-21. 
The voltage wave-form which causes this line to be traced is 
shown at the left. At any instant, the defection of the spot of 
light from its zero p<^ition, A, will correspond to the value of the 
voltage at that instant. For instance, at instant 1 on the voltage 
wave the spot of light is at point 1 on its path, at instant £ <m 
the voltage wave it is at corres|>onding point £ on its path, etc. 



During the interval that the voltage wave goes through the com- 
plete cycle shown, the spot of li^t moves ov^ the strai^t-line 
path . 

25-32. Simultaneous Combined Af^tion of Both Pairs of 
DeRecting Plates. — Now^ with this ^me voll^e spiled to 
one set of plates, suppo^ another' iclelh#cal;Y€ita'^'' 'is ;applled to'^ 
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th e seco nd pair of deflecting plates in the tube, and let thes^e twn 
voltapjes he in the a«Tv.p reach zero and 

same instants. The wave forms of these voltages are drawn on 
their respective horizontal and vertical axes of the cathode-rav 
tube in Fig. 25-22. There are now two forces acting on the elec- 
tron beam simultaneously at every instant, one tending to move ? 



HORIZONTAL TIMING AXIS 
VERTICAL TIMING AXIS 


Courteay B.O.A, Mfg. Oo. 

deflecting plates We var,W sets of 

pattems®^A to I “I traced If Snu!® indicated. The ' 

of 1 to 1. Those from E to J^are i? ^^e<l"e“ey-ratio 

qiiency-ratio of 2 tn t ® traced if the voltagres have a fre-f 

FigurL. commonly known as IAa8cJom[i 


ilT faction, and the second trying to move it at right 
angles to the first. The resulting location of the spot on the 
sereen a any mstant depends upon the algebraic sum- of both 
&ese forc^ at the mstant. The resulting pattern traced out by 
the q»ot of hght IS a straight line inclined at an angle of 45 de- 
with respect to each of the lines that would be obtained if 
^ volt^e was removed. This is shown as line M-M^.on 
ttie scr^ m Fig. 25-22, and again at A of Fig. 26-23 

If the wave-forms, frequencies or phase relationships of 
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these applied voltages are changed, the resiilting image may take 
-any one of a number of shapes or patterns. Thus, if one of the 
voltages is of greater amplitude than the other and differs in 
phase with it by 90 degrees or 270 degre e, the resulting pattern 
traced out will be a n ellipse, as shown by C of Fig. 25-23. If 
the phase relation is such that one voltage leads the other by 
45 d^rees, or 315 degrees, the resulting pattern traced will be 
that of i>; if leading by 135 degrees, or 225 degree, the result- 
ing pattern will be that of ,J5. By means of the cathode-ray tube, 
the resultant pattern is traced on the fluorescent screen by the 
moving spot of light. Conversely, ^om the pattern observed . 
the frequency and the phase r^^Iatinris ni fh^ f.wn Hftflftftting 
voltages can be determined. Where, in addition, the wave 
form is known for one of the deflecting voltages, the wave form 
of the other can be readily obtained by graphical analysis. Figs. 
A to F in Fig. 25-23 represent the patterns traced by the spot 
of light if the voltage applied to the two sets of deflecting plates 
j have a 1-to-l freane nriy When the frequency ra tio-is 

^-to-1, the patterns of A to F change reapftctivftly to tbnse o f 
F to J. A s the ratio of th e frequenci^ of the two deflec ting 
voltages increase^ , the patterns change from these shap ^^MJ^ 
become increasingly co nlplex. 

25-33. Need for the Sweep Voltage When Observing 
“Wave Forms. — ^The various patterns (called Ldssajotis* flgures 
-after Jules Antoine Li^ajous who first demonstrated them for 
showing the exact relation between the vibratory motions of two 
rsounding bodies) which may be observed wifli the cathode^my 
■tube when two independent voltages are applied to its defiecting 
plates are of value in some applications of the cathode-ray tube, 
but the oi>erator must be entirely familiar with the significance 
of most of the different complex images that can be formed so 
that he can identify the pattern and tell at once what it indicates 
regarding the phase relation, fr^uency relation and wave form 
of the two applied voltages. 

Very often it is desired to ot^erve the wave form of a single 
‘Current or voltage. This is ihe case when i^f amplifier circuits 
:are being aligned or adjusted. This recpnres that the voltage 
which is tO' be observed, be^ connected :it€»-*.biie -of the 'de^ 
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fleeting plates ^usually the horizontal plates (see Fig 26-iqi 
Let us assume that the voltage to be observed is that shovm 
at (A) of Fig. 25-24 and that it is applied to the horizonS 
eflectmg plates. If this is done, the varying voltage on thp 
horizontal plates will cause the beam to oscillate up and down 
vertically in synchronism with its variations in intensity and 
the spot of light will trace a straight vertical line on the screen 




Fig. 26-24. — Di*:i 
grrani3 showing 
relation between the 
frequency of the volt- 
age whose wave form 
IS to be observed, and 
that of the timing or 
‘*sweep»' voltage when 
various numbers of 
cycles are to be viewed 
on the screen at one 
time. If only 1 cycle 
is to be viewed, the i 
frequency of the volt- i 
age to be observed 
must equal that of the 
saw-tooth voltage (see ® 
(A) and (B).) If 1| 
two cycles are to be 
viewed, the saw-tooth 
voltage frequency 
must be only % that 
of the voltage to ba'i'l 
viewed, etc. 


^ I-igs. 25-21 and 25-19. It Is evident that if" 
^«aet ^ed wave form of this voltage is to be traced, some 
rZwS d® the beam simultaneously in^ 

"P down ver. , 

spread Forth*®® he observed, so that the trace wiU be 

beam must be shifted at a uni- ■- 

STnS^T ®"«h that it travels from its neu- “ 

^ position to the extreme right of the screen in exactlv the 

complete cycle 

h&ck shnciKt * ^ place, then it must be shifted 

a3mf^ mstantaneously to its neutral position so that the 
oy«le can be nqmated all over again 
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Since it is extremely impoirtant to understand and -visualize 
this action, perhaps the illustration in Fig. 25-25 will make it 
clear. Let us imagine that a suitable linear sweep voltage is ap- 
plied to the vertical plates, F-F, and that the ac-tion of the tube is 
slowed down sufficiently so that we can actually watch the spot 
of light trace out the wave form of the deflecting voltage on the 
screen. At the moment shown, the spot of light has already 
traced out the portion of the wave form shown, and is at point 
A. At this moment, the force exerted by the horizontal deflecting 
plates H-H is tending to pull the beam straight up in the direc- 
tion Hi ; at the same instant the force exerted by the vertical de- 



PiG. 25-25. — How the cathode-ray beam traces a wave-form pat- 
tern when acted upon by a sinusoidal voltage applied to the horizontal 
pair of plates, H-H, and a saw-tooth sweep voltage applied to the 
vertical pair of plat^, F-F. At the instant pictured here, the beam is 
acted upon by force JSj tending to move it vertically in direction 
and by force tending to move it horizontally in direction Fj^. It 
actually moves along the direction of the resultant force M. 

fleeting plates F-F is tending to puU the beam straight across to 
the right in the direction Fj. ^Naturally, since the beam is being 
acted upon simuLtane<msly by both forces at right angles to each 
other, it actually moves along the line of the resultant force R, 
The exact direction of B at any instant of course dep^ds upon 
the relative magnitude of the two forces Hi and Vi at that 
instant, so the direction of movement of the spot of light obeys 
the Variations in the deflecting voltages from instant to instant. 

This action may likened to that of a man attempting to 
row a boat directly across a stream whose current is swift. 
If the man steers his rowboat sfarai^t across, the swiftly moving 
stream at ri^t angles earrles his boat downsteam at the msm 
tjme that he is rowing directly ahe^, so that the aduial pa% of 
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his boat is not a straight line directly ahead, but rather a curved 
path pointing downstream. He will strike the apposite shore at 
a point below the one toward which he rowed. 

When a complete cycle of the wave being observed has been 
completed, the electron beam and light spot must be shifted back 
abruptly to the normal position at point O so that the curve 
will be traced again for the next cycle. If this occurs say 60 
times a second (if the voltage to be observed is a 60-cycle 
voltage), although 60 individual pictures will be traced each 
second, persistence of vision will make the result on the fluores- 
cent screen appear as a steady picture of the wave form, as 
shown at (C) of Fig. 25-24. 

25-34. Operation of the ‘‘Sweep'' or “Timing" Voltage. — 
Let us now consider the type of voltage that mu^t be applied 
to the vertical deflecting plates for “sweeping" the beam hori- 
zontally, or “timing" it. This is commonly known as the sweep 
oi timing voltage. From what has already been said, it will be ' ! 
realized that the voltage used should be a repeating or “recurrent" 
one. Fmthermore, for most purposes it is preferable that it be ! 
one, which, when applied to the vertical plates will deflect the i? 
beam so that the spot of light is shifted uniformly^ say, from >t;| 
left to right with an abrupt return from right to left, the return | 
occurring in only a small fraction of the time taken to travel | 
from left to right (so that the return may be considered as being if 
practically instantaneous) . If a voltage which varies in this 
way is plotted against time, the wave form is of the type shown 
at (B) of Fig. 25-24. Because its shape resembles the tooth of 
a saw, it is commonly referred to as a saw-tooth voltage. Notice 
that this voltage increases uniformly (linearly) from instant 1 
to instant then it drops abruptly to zero at instant 5, then 
begins to increase imiformly again etc., this variation repeating 
^itself over and over. 

The frequency of the saw tooth voltage applied must have a 
definite relationship to the frequency of the voltage which is to 
be ol^erved. For example, to examine one cycle of it, the saw- 
tooth voltage must be of exactly the same frequency as that of 
the voltage to be observed, since the timing voltage must be 
ready to shift the spot of light back just at the instant that each 



CH.XXV ALIGNING SUPEBHETEBOBYNE RECEIVERS 757 


cycle of the voltage being observed is completed. This condi- 
tion is shown in (A) and (B) of Fig. 25-24. If two cycles of 
the voltage being observed are to appear on the screen at one 
time, then it nmst go through two cycles before the timing volt- 
age shifts the spot back to the starting position, i.e., before the 
timing voltage has completed one cycle. This is shown at (D) 
and (E) of Fig. 25-24. The wave pattern (2 cycles) which will 
appear is shown at (F ) . For this condition, the frequency of the 
saw-tooth voltage must be equal to one-half that of the voltage 
being observed- If three cycles are to be observed at one time, 
the frequency of the saw-tooth voltage must be one-third that 
of the voltage being ol^erved, etc. 

It should be noted that it is the urdform rise of the ‘‘sweeps* 
or ''timing^' voltage that spreads out the trace of the spot of light, 
and it is its sudden drop to zero that shifts the spot back" to 
the starting position so that the spreading may start all over 
again for the next one or more cycles of the observed voltage. 
The circuit which is employed to generate the sweep voltage is 
called the sweep circidi. 

25-35. Generating the Sweep Voltage. — There are severtd 
ways of generating a saw-tooth sweep voltage of the wave form 
shq|m in Fig. 25-24. Whatever develops it must be designed to 
generate a voltage which will increase uniformly to a certain 
value, then drop abruptly to atero, and repeat itself. It is pre- 
ferable that the frequency with which this variation takes pla<^ 
be made easily adjustable over a wide range. 

There are a number of electrical '‘sweep circuits” which may 
be employed for this purpose. A typical, simple circuit of tMs 
kind, wMch employs a type fe yratrcMt type tube is shown in 
Fig. 25-26. This particular circuit is employed in the com- 
mercial cathode-ray oscilloscope described in Art. 25-44 (the 
complete schematic circuit diagram of which is presented in Fig. 
25-34). 

The thyratron tube employed etmtams the cathode, grid and 
plate, as shown. Bln(^ it also cemtains gas^ it is a tube capable 
of exerting a ‘‘trigger” action in Mm circiiil. Whm normal grid- 
bias voltage is supplied to it, no current will flow through the 
tube unless Ihe voltage appHed to its plate is made high enough 
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to ionize the gas in the tube (300 volts in this case). If thii | 
happens, the ionization of the gas causes the tube to breaki 
down immediately, the resistance of the path between the plate 
and cathode suddenly becomes very low, and the grid loses : 
all control of the plate current. Once the gas ionizes in this ! 

TO 1 PAIR*' 
or DEFLECTOR 
PLATES OF CATH- 
ODE RAY TUBE. 
tOR TO SWEEP 
CIRCUIT AMPLIF. 

OF FIG. aS-29) 


Pig. 26-26. — Schematic circuit arrangement of a typical sweep 
circuit which generates a saw-tooth sweep voltage by means of th^i 
“trigger” action of a thyratron tube. 5 

tube, the plate-cathode voltage-drop across the tube remains very 
steady at about 16 volts. Thus, we have a sort of ‘'trigger'^ ac- , 
tion here, for as soon as the gas ionizes, the resistance of the 
plate-cathode path drops immediately to a very low value. 

Now let us see how this tube operates in the sweep-voltage 
circudt of Fig. 25-26. The 630-mmfd. plate-cathode condenser ^ 
is charged by the plate supply voltage through resistors JKi and 
The grid-bias voltage of the tube (resistor Ba supplies it) ^ 
prevents plate current flow through the tube until the voltage 
across this condenser builds up to the breakdown "value 
of the tube (300 volts in this case). The flow of the 
eiirreait into the condenser during this interval is shown in the 
simplified diagram at (.4) of Tig, 25-27. The potential of point 
P rises practically uniformly from value 1 to value 2 (as shown 
at (5) ) during this charging period. When the potential, of 
point P has reached a value of 300 volts, the gas in the tube 
ionizeSy and the condenser discharges almost instantaneously 
through the plate-cathode circuit of the tube, thereby losing its 
potential rapidly so that the potential of point P drops froin 
pomt B to S (at B). The path of the condenser current flow 
iff ehcnm at (C) . As soon as the plate potential drops low enou^y 
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the discharge ceases and current flows from the supply voltage 
source into the condenser to charge it up again. This process 
repeats iteelf. The saw-tooth voltage which appears across the 
condenser is applied to one pair of deflector plates in the cath- 
ode-ray tube. Resistors Rt and are used mainly for the pur- 
pose of limiting the charging current of the condenser and pre- 
venting the plate supply source from sending a heavy current 
through the thyratron tube when it breaks down. Since this 
circuit generates the sweep voltage by the charging of a con- 
denser, this charging must be at a constant current rate if it is to 
be linear. I since tbc ft-yprme nfifl.1 f>hRrftrif^f istic of a con- 

denser is essentially line ar over a small p ortion of its- initial 
c harging curve, if only a small portion of the charging curve is 
u sed and a high resistance is put in series with the condenser 
80 that a hlgb may be used, the charging of this 


THyRATRON 



CB^ 


Pio. 26-27, — simplified analysis of the “trigger” action which 
takes place in the sweep circuit of Pig, 25-20 is shown at (A) and 
(C). The saw-tooth volta^ shown at (R) exists across condenser C 
and is applied to one pair of plates of the cathode-ray tube (not 
shown here). 

co ndenser will be essent ially linear and a linear swee p vol tage 
will be produced.. 

The frequency of the charge and discharge is governed by 
the size of th e condenser C a nd the total resistance of the charg- 
ing circuit. With a suitable choice of C (often obtained by a 
number of ‘'fixed'', and one ‘'adjustable" condenser) and with the 
proper bias on the '885 tube, the frequency of the sweep circuit 



/<>2 


MODERN RADIO SERVICING 


CH* XXV 


fiers Vt and Vt are incorporated for these very purposes in the 
commercial oscilloscope shown in Fig. 25-34. When they are 
employed, a change of only 2 volts in the voltage to be observed 
(or the sweep voltage) is amplified by 40 and is made to produce 
over 1-inch of deflection of the spot of light in the cathode-ray 
tube illustrated in Fig. 25-16 (the sensitivity of this tube being 
about 75 volts per inch). 

25-37. Wobbling the Test Oscillator Signal Frequency 
for Visual I-F Stage Alignment. — ^Now that we are ac- 
quainted with the construction and operation of the cathode-ray 
tube, the sweep circuit and the amplifier, we are prepared to 
consider the use of the cathode-ray tube as a visual resonance 
curve tracer in the alignment of the timed circuits of i-f ampli- 
fiers. The advantages and reasons for the use of the cathode- 
ray tube in this work have already been stated in Art. 25-25. 
We are interested here merely in how it is accomplished. 

Let us suppose that the response characteristic of a flat- 
topped i-f amplifier in a superheterodyne receiver is to be ob- 
served either when checking over the receiver or when actually 
aligning the i-f stages. Ordinarily, a service test oscillator would 
be connected to this i-f amplifier as explained in Art. 25-13. 
As explained in Art. 25-14, its frequency would be varied over 
the flat-top frequency range of the i-f amplifier and the reading 
of the output meter connected to the receiver would be watched 
to fi.nd out whether the flat-top characteristic extended over the 
proper band of frequencies. If it did not, adjustments would be 
made to align it as nearly as possible so that it would conform 
to the desired characteristic. However, with the cathode-ray 
tube method, the cathode-ray tube is connected to the receiver 
output instead of the output meter, and the voltage output of 
the i-f amplifier is viewed on its fluorescent screen instead. 

When the cathode-ray tube is employed to view the reson- 
ance curve of the i-f amplifier the object is: 

I to produce a visual plot of the* exact voltage output 
of the tuned stage ( or stages) under consideration^ when 
an input signal voltage of constant amplitude hut vary^ 
ing m frequency over the frequency band at which the 
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Tesouanx^e cwrve is to he observed, is applied to the par- 
ticular stage Cor stages). 

To obtain this resonance curve, it is first necessary to have a 
signal source of variable frequency covering a range which ex- 
tends sufficiently above and below the resonant frequency of the 
i-f amplifier so that the complete i-f resonance curve may be 
traced. The input signal must be varied over this frequency 
range repeatedly, at a speed sufficiently high so that the individ- 
ual output curve traces which appear on the screen of the cath- 



Fig. 25-30. — ^Arrangement of a motor-driven sweep circuit and 
frequency-wobbler system for taking visual resonance curves on an 
i-f amplifier. An electric motor drives the frequency-wobbler con- 
denser Ct and the sweep-circuit potentiometer P- 


ode-ray tube occur fast enough to appear continuous (say about 
20 times per second) . There are several ways of obtaining this 
cyclic variable-frequency signal. 

One of the methods that may be used is to gang the rotor 
shaft of a small tuning condenser, Cty (iu Fig. 25-30) to the shaft 
of the same motor that drives the sweep- frequency generating 
arrangement of Fig. 25-28. This condenser is then connected in 
parallel with the main tuning condenser of the ordinary test 
oscillator which is to be used as the source of i-f signal voltage 
to be fed to the i-f amplifier. This condenser Ct may be con- 
sidered merely as a trimmer condenser in parallel with the main 
tuning condenser, so that rotating it continuously merely varies 
the frequency of the test oscillator from several kc below to 
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several kc above the resonant frequency of the i-f amplifier, i.e., 
it causes the frequency of the test oscillator to '‘wobble’’. The 
average frequency of the test oscillator signal may be adjusted 
to any intermediate or radio frequency within the range of the 
equipment. By rotating this “wobble condenser” continuously, 
the test oscillator is made to feed a signal whose frequency varies 
over the intermediate frequency band at which the i-f amplifier 
resonance curve is to be observed. A portable motor-driven 
frequency-wobbler unit which contains a motor M driving a 
2-section wobble condenser W is illustrated in Figs. 25-35 and 
25-36. It will be described later. In this unit, two values of 
wobble condenser are available, a low-range value from 15 to 37 
mmfd., and a high-range value from 20 to 70 mmfd. 

Mounted on the same shaft with this condenser is the sweep 
circuit potentiometer, P, (see Fig. 25-28) the voltage of which 
controls the horizontal sweep of the cathode-ray beam. For a 
single rotation of this condenser, the sweep circuit potentiometer 
makes one complete rotation, so that by properly synchronizing 
the two units, the saw-tooth sweep voltage is zero at the lowest 
frequency of the oscillator and is maximum at the highest fre- 
quency of the oscillator. 

The output of the second detector of the i-f amplifier is con- 
nected to one pair of deflecting plates of the cathode-ray tube. 
The saw-tooth timing (sweep) voltage is connected to the other 
pair. Now, as the output of the i-f amplifier changes from in- 
stant to instant because of the varying frequency of the steady 
signal applied to it during one rotation of the sweep circuit 
is spreading this response out on a horizontal axis, of the cath- 
ode-ray tube so that the response curve is traced on the screen, 
and since the image is repeated twenty times a second (the 
speed of the motor) , it will appear stationary. Hence, the screen 
of the tube will show a resonance curve of the entire i-f ampli- 
fier. If the output signal of the test oscillator is connected to 
the input of the final i-f stage, then the response curve of only 
this fit^e can be observed. Extreme flexibility is thus avail- 
able with this system. 

Another arrangement which makes use pf a saturable-core 
reactor, operated from the source of the horizontal sweep volt- 
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age, to frequency-modulate the test oscillator signal without 
employing any motor-driven devices, will be described in Art. 
25-45. Its schematic circuit arrangement is shown in Fig. 25-40. 

25-38- Connecting the Cathode Ray Tube to the Receiver 
Being Aligned. — ^There are no fixed rules regarding the con- 
nection of the cathode-ray oscilloscope to the receiver which is 
being aligned. Every oscilloscope manufacturer supplies detailed 
instructions for its use, which should be followed. The follow- 
ing points should be kept in mind however whenever such in- 
structions are not available. The best way to connect the cath- 
ode-ray oscilloscope to the receiver output depends on whether 
the receiver uses (1) diode, (2) biased, or (3) grid-leak detection. 

If a diode second detector is employed, the output should be 
taken ofi across the volunae control alone, or across both the 
volume control and the avc resistor, if this connection is con- 
venient. Otherwise, it is satisfactory to take the output voltage 
off between the grid of the tube following the diode circuit, and 
ground. This output is fed to the internal amplifier in the cath- 
ode-ray oscilloscope and the amplifier, in turn, feeds the proper 
pair of deflecting plates in the cathode-ray tube. 

When the second detector is a biased triode, tetrode or pen- 
tode, resistance- coupled to the first audio stage, the output sig- 
nal may be taken off between the plate of the tube and ground. 
If it is impossible to take off one connection from ground, a 60- 
cycle gradient may be built up between the oscilloscope and the 
receiver itself. This will deform the image on the cathode-ray 
screen. It can be eliminated by connecting the cathode of 
the second detector to the ^'groimd'' side of the oscilloscope am- 
plifier, or to the grounded plate of the pair of deflector plates. 

In the case of a triode, tetrode, or pentode, transformer or im- 
pedance-coupled to the first audio stage, connect a resistor of 
approximately 20,000 ohms in series with the plate of the tube 
and by-pass the inductance in the plate circuit with a 1.0 mfd. or 
larger capacitor. This changes the impedance of the plate cir- 
cuit to a resistance rather than an inductive reactance. The audio 
output voltage should then be taken off between the plate of the 
tube and ground, in order to take it off across this resistor. 

When the detector is of the grid-leak type, it is usually best 
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to take the output out from between the plate of the detector 
tube and the negative side of the B circuit. 

25-39. Connecting the Test Oscillator to the IReceiver 
Being Aligned. — ^The test oscillator output (it is assumed that 
some frequency-wobbling arrangement has been added to it) 
should be coupled to the control-grid of the tube preceding the 
i-f stage under alignment. It is essential that this connection be 
made without altering any of the operating characteristics of 
this stage. If the grid, of the tube to which connection is to be 
made is at zero d-c potential with respect to ground, the oscil- 
lator should be connected to the grid of the tube and the lead 
which normally goes to this grid should be disconnected, and con- 
nected to the low side of the test oscillator output returning to 
the ^'chassis** or ground. If the grid is not at zero d-c potential 
with respect to ground, connect the high side of the oscillator to 
the grid (disconnecting the lead on the grid) and the low' side to 
the C-minua lead for this grid. 

The output of the second detector may be connected to the 
cathode-ray tube as explained in Art. 25-38. With this connec- 
tion, the image on the screen of the tube will represent the overall 
response of the receiver. Of course, the oscillator must be of 
the high-frequency type and the ^‘wobble’' condenser rotated by 
the motor must be small enough so that the frequency is varied 
only by about 20 kc on either side of resonance. This connection 
is used when the r-f stages of a receiver are to be aligned. 

25-40. Aligning I-F Amplifier Stages with the Cathode- 
Ray Oscilloscope. — The cathode ray oscilloscope should be 
connected to the receiver as outlined in Art. 25-38 and the test 
oscillator should be connected to the receiver as explained in 
Art. 25-39. The various beam-focusing, intensity, amplifier, 
synchronizing, etc., adjustments on the oscilloscope should now 
be properly in accordance with the instructions furnished by 
the manufacturer. The test oscillator should first be set at the i-f 
alignment frequency with the modulation “on’^ but with the 
"wobbler'^ circuit disconnected. It then feeds a signal of a 
single frequency to the i-f amplifier. 

The i-f transformer trimmers should now be adjusted for 
maximiim output, i.e., peaked as much as possible (see Art. 
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25-13). The resonance curve will be seen on the screen. Now 
the modulation on the test oscillator should be removed, and the 
* ‘wobbler” circuit should be connected to the test oscillator and 
put into operation. The frequency of the test oscillator should 
now be readjusted until the forward and reverse waves show 
on the screen of the tube. The frequency of the test oscillator 
should now be raised carefully until the highest points of the 
two waves coincide. (This readjustment is necessary to com- 
pensate for the added capacity of the cable and one-half of the 
sweep condenser capacity.) The dial setting of the oscillator 
should be recorded for future reference. The trimmer conden- 
sers of the primary and secondary of the i-f transformer should 
be adjusted to produce whatever tuning characteristic is de- 
sired (see Eig. 25-31). The final curve should be symmetrical 
with respect to the intermediate frequency. During i-f alignment, 
the receiver tuning diah should be set at a point where variation of 
its position has no effect on the resultant curve. If this point 
cannot be foimd, the grid or plate coil of the r-f oscillator in 
the receiver should be short-circuited. The i-f stages should 
be aligned in order, starting at the last stage and working to- 
ward the first detector. If the receiver employs avc, the pre- 
cautions explained in Art. 25-19 should be taken before align- 
ment is started. 

In general, the procedure is somewhat the same as when 
the more conventional output meter arrangement is employed, 
except that the service man sees what he is doing. The effect 
of every change made in the i-f circuit adjustment is instantly 
revealed by a change in the shape of the resonance curve on 
the screen. The actual shape and symmetry of the resonance 
curve is seen; overcoupling, insufficient coupling — everything 
is visible. The cathode-ray tube is really a unique form of out- 
put meter, and the sweep circuit and frequency-wobbler enable 
the tube to draw, automatically, the response curve of the receiver. 

25-41. Interpreting the Resonance Curves Seen in the 
Cathode-Ray Tube. — ^It is possible, by carefully studying the 
resonance curve which appears on the screen of the cathode-ray 
tube, to tell just what the tuned circuit will do to a signal. If, 
for example, the tuning system cuts off too sharply or its reson- 
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ance curve is not symmetrical, severe distortion may be intro- 
duced in the sound output of the receiver. Once the resonance 
curve is obtained on the screen, the problem resolves itself into 
knowing whether or not it is good or bad, and what is wrong 
with the tuned circuits if the curve is not as it should be. 

A number of typical oscilloscope curves depicting several 
different receiver conditions are shown in Pig. 25-31 in the 
hope that they will act as a helpful guide in this work. The 
width of each small vertical space represents 1-kc. 

Pattern No. 1 shows that the side bands, 3 kc on either side 
of resonance are cut off. Hence, the tuned circuits represented 
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by this overall curve are unsuitable for high-fidelity reception 
^ce the high-frequency response will be poor, although inter- 
ference will be small. 

Pattern No. 2 shows one side cutting off at 3 kc and the 
other extending over 6 kc. The result is that the receiver may 
be expected to have severe distortion because of ttie 3 kc cut-off 
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and interference because of the 6 kc extension. If the receiver 
has a diode detector (or any other type of linear detector) , dis- 
tortion will be generated in this circuit because of the assym- 
metry of the response curve. 

Pattern No. 3 is a nearly perfect response curve of a good 
receiver (not high-fidelity), since a frequency band over 8 kc 
is passed almost uniformly. Selectivity will be good because 
of the steep sides of the curve. 

Pattern No. 4 illustrates a good resonance curve for high- 
fidelity reception. It is substantially flat-topped and passes a 
total band of frequencies 16 kc wide. 

Pattern No. 5 is not an unusual response curve for an im- 
properly aligned receiver. There is definite overlap into the 
adjacent channels, which will almost certainly give rise to ex- 
cessive interference. 

Pattern No. 6 is an excellent response curve of a properly 
aligned receiver having ^'flat top" i-f transformers. Note par- 
ticularly that the two humps are equal in height and equally 
spaced from the central resonant- frequency line. In any form 
of ordinary flat-top i-f amplifier, the circuits should be adjusted 
until a resonance curve approaching this pattern js obtained. 

Pattern No. 7 is similar to No. 6 except that one of the 
i-f stages is slightly out of line. A slight shift in the tuning 
capacity in this transformer will make the curve symmetrical. 

Pattern Nos. 8 and 9 are similar to No. 7 but with differ- 
ent proportions of misalignment. The same method of adjust- 
ment is valid here as for curve No. 7. 

Pattern No. 10 shows the final overall effect of staggering 
three i-f stages. This consists of timing the second i-f transform- 
er to exact resonance, the first i-f transformer slightly to the high- 
capacity side of resonance and the third to the low-capacity 
side. During such adjustments numerous unwanted humps ap- 
pear when certain adjustments are carried too far, but each 
is seen immediately on the screen of the oscilloscope and the 
condition can be corrected at once. Each peak is definitely 
noticeable here and symmetrically arranged. Almost perfect 
amplification of all the side bands which are passed is possible 
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with an i-f amplifier having a response curve such as this. 

Pattern No. 11 shows the response curve of an i-f amplifier 
having somewhat different staggering than that corresponding 
to No. 10. The response with No. 11 is such that the low audio 
frequencies receive slightly more amplification than the high 
notes. This serves to make the amplitude of both the 
and the **highs^’ more nearly uniform, since the ''lows” naturally 
have a somewhat lower amplitude. 

Pattern No. 12 is unusual in the sense that it shows the ex- 
treme selectivity that may be obtained from some receivers 
having a straight-sided narrow-band tuning characteristic. If 
the set is timed to a distant signal which is located adjacent 
to a channel occupied by a powerful local station, no inter- 
ference should result. This pattern may also represent severe 
overloading of the tubes. In order to check this, the input 
signal should be reduced to a small value, and the change in 
slope produced should be noted. 

Patterns Nos. 13 and 14 show several types of response 
curves that may be obtained when attempting to stagger three 
i-f stages. The circuits need realignment to obtain the curves 
of either Nos, 10 or 11. 

Pattern No. 15 indicates that oscillation is present in the 
receiver. Note the wave formations, or ripples, in the response 
curve. These ripples arise from the fact that the oscillation 
alters the sensitivity of the receiver considerably at these points. 

Pattern No. 16 shows the response of a single circuit which 
is tuned definitely to a frequency 4 kc above the correct re- 
sonimce frequency. It cuts off one sideband entirely. Such a 
circuit certainly needs realignment. 

Pattern No. 17 shows the different response curves that 
may be obtained from high- and low-gain circuits. 

Pattern No. 18 shows the response from an automobile 
vibrator B unit when the sweep frequency is different than the 
vibrator frequency. 

Pattern No. 19 is interesting in that it shows the pattern pro- 
ducked when one plate of each pair of deflector plates is connected 
acFc^ the primary and the other two plates are connected aorosa 
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the secondary, respectively, of the power transformer; the sec- 
ondary voltage being reduced so that it equals the primary volt- 
age. The conditions, then, are exactly the same as for the con- 
struction shown in Fig. 25-22. (The line may be made to slant in 
the opposite direction by merely interchanging the deflector plates 
used for the primary and secondary voltages.) The small areas 
that appear like smudges really represent transient voltages 
(voltages that are built up instantaneously due to various 
causes). The primary and secondary voltages from a power 
transformer that feeds a mercury-vapor rectifier tube may well 
simulate Pattern No. 19 because of the transients caused by 
ionization of the mercury in the rectifier. It is to eliminate 
these transient voltages that by-pass condensers and r-f filters 
are inserted in the circuits of these tubes. 

25-42. Aligning R-F and Oscillator Stages with the Cath- 
ode-Ray Oscilloscope. — ^The equipment used for the alignment 
of the r-f and oscillator stages of superheterodynes is identical 
with that used for the i-f stage alignment, except that the test 
oscillator output is connected to the antenna and ground posts 
of the receiver (see Art. 25-18). 

The test oscillator should be set at the r-f alignment fre- 
quency of the receiver and the tuning dial of the receiver 
should be set at this frequency. The cathode-ray oscilloscope 
should be connected to the output of the second detector (see 
Art. 25-38) and the test oscillator should be turned “on'' with 
modulation “on". The various controls of the oscilloscope 
should now be adjusted properly with the frequency “wobbler” 
circuit disconnected from the test oscillator. The oscillator 
and r-f trimmers of the receiver should now be adjusted 
(see Art. 25-37) until maximum possible output is obtained. 
The modulation of the test oscillator should now be turned 
“off”, the frequency wobbler circuit (adjusted for the correct 
amount of r-f frequency wobbling) should be connected to the 
test oscillator, and the sweep circuit should be properly syn- 
chronized with it. The test oscillator tuning should be ad- 
justed until two curves show on the screen and the oscillator 
tuning should be readjusted until the two curves coincide at 
their highest points. The dial setting of the test oscillator 
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should be recorded for future reference. The receiver oscillator 
triniiner should now be adjusted until the forward and reverse 
curves coincide as well as possible and then the r-f trimmers 
should be adjusted until the curves coincide throughout. 

25-43. Additional Uses for the Cathode-Ray Oscilloscope. 
— It is impossible here to do any more than merely hint at some 
of the possible additional applications of the. cathode-ray oscillo- 
scope in radio service work. In general, the cathode-ray tube 
and its associated circuit may be likened to a vacuum-tube volt- 
meter. Since the deflecting plates have a very small capacity 
between them, its input impedance is almost infinite. 

(1) Measurement of voltage : One of the simplest uses of 
the cathode-ray tube is for the measurement of voltage. Since 
the deflection of the spot on the screen is directly proportional to 
the deflecting voltage, the screen may be calibrated and the in- 
strument used as a voltmeter for either direct, low-frequency or 
high-frequency voltages. 

When a d-c voltage is applied, the polarity as well as the 
magnitude is indicated by the displacement of the spot. When 
an alternating voltage is applied, the spot oscillates back and 
forth with an amplitude proportional to the peak-to-peak value 
of the applied voltage. For example, a 10-volt root-mean- 
square sine wave produces a sweep with an amplitude equal to 
28 volts. At frequencies above about 8 cycles per second, the 
sweep of the spot appears as a line, due to the persistence of 
vision. There is no error due to frequency until extremely 
high radio frquencies are reached. Overvoltage on the deflect- 
ing plates (if it is not excessive) merely sweeps the spot ofl^ 
the screen. Thus, the cathode ray tube, being rugged, having a 
high impedance, and being independent of frequency, is useful 
as a peak voltmeter. A transparent celluloid scale can be made 
up with the voltage calibrations marked directly on it, so that 
when it is placed over the screen any deflection of the spot can 
be read off immediately in terms of the voltage applied to the 
deflecting circuit. 

(2) Measurement of current: If the cathode-ray tube is 
connected across a resistor of known value which is inserted in 
series with a circuit, and the voltage drop across this resistor is 
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measured with the oathode-ray tube (calibrated as a voltmeter) 
the current flowing through that resistor, and hence through the 
circuit may be calculated by ohm’s law. Hence the tube may be 
used (indirectly) to measure current. 

(3) Measurement of capacity and inductance : By using 
a cathode-ray tube to determine the shape of the resonance curve, 
the resistance of coils and of condensers may be ascertained- A 
high and narrow curve signifies a low-resistance circuit. Con- 
densers may be compared as to capacity and coils as to in- 
ductance by the simple process of timing a circuit consisting 
of a standard coil and condenser and noting the wave shape 
on the screen of the cathode-ray tube. Then the coil or con- 
denser to be compared to the one already in the circuit is sub- 
stituted and the wave shape noted. From the change in os- 
cillator frequency required to again establish resonance, as in- 
dicated on the screen, the capacity of the condenser or the 
inductance of the coil may be ascertained. Also, from the wave 
shape observed, the resistance of the new coil and condenser 
may be determined. 

(4) Test of overall receiver sensitivity: A rough check 
on the overall sensitivity of a receiver may be made by con- 
necting the test oscillator to its input terminals, and the direct 
input terminals of the oscilloscope to the output of the power 
stage. Using an arbitrary value of sweep frequency (within the 
audio range of the receiver) the output wave form should be 
observed when the intensity of the test oscillator signal is raised 
to full strength and also when it is reduced to minimum value. 
If the receiver amplification is low, a limited change in height 
of the wave form will result, if it is high, a large noticeable 
change will result. 

(5) Test of overall audio fidelity of a receiver: If it is 
desired to measure the overall audio fidelity of a receiver, the 
audio voltage which modulates the test oscillator should be con- 
nected to one set of deflecting plates of the oscilloscope (many 
test oscillators have convenient terminals from which the modu- 
lating voltage may be picked off) . The frequency control of the 
saw-tooth oscillator should now be adjusted to be near that of 
this audio input signal, so that one cycle of it is observed on 
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the screen. Its wave form should be observed carefully I 

Now the modulated r-f test oscillator signal should be con- 
nected to the Ant. and Gnd. terminals of the receiver, and the in- 
put terminals of the oscilloscope connected to the loudspeaker 
voice coil. The wave form now observed should be compared 
with that which was seen when the test oscillator audio output was 
connected directly to the oscilloscope. If it is sensibly the same, 
no audio distortion has taken place in the receiver; if it is not the 
same, the distortion is caused by the receiver. If distortion is 
present, it may be localized to a particular audio stage in the 
following way. 

(6) Localizing audio distortion in a receiver; In order 
to localize the source of the distortion, the r-f output of the modu- 
lated test oscillator should be connected to the Ant. and Gnd. 
terminals of the receiver, and the oscillator set at a frequency at 
which the distortion is experienced. The proper ''input’’ term- 
inals of the oscilloscope should now be connected between B- 
minus and the "plate’ ’terminal of any audio stage. The "sweep” 
frequency of the oscilloscope should be reduced so that several 
cycles of the audio modulation of the test oscillator signal show 
on the screen. 

The input terminals of the oscilloscope should now be con- 
nected successively to the output of the detector, first audio and 
output stage of the receiver, in turn, and the exact wave form 
produced on the screen in each case should be noticed carefully. 
If the wave form is entirely symmetrical at one stage and dis- 
tortion occurs in the next one, the wave form will lose its sym- 
metry when the oscilloscope terminals are connected to the plate 
circuit of the offending stage. 

A test to determine if the distortion is due to overloading 
may be made by simply reducing the output intensity of the test 
oscillator signal while watching the wave form on the screen. 
If ihis reduction causes the wave form to assume a symmetrical 
shape, it is likely that distortion was caused by overloading. If 
the wave form still remains unsymmetrical, the circuits of the 
distorting stage should be analyzed to determine if any com- 
ponent in it is faulty. 

Not only the stage in which distortion occurs, but at what 
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volume level it takes place, and in which stage it occurs first 
may be ascertained quickly by means of the cathode-ray oscillo- 
scope, and the proper remedies applied to eliminate the distortion, 

(7) Test of overall audio fidelity of an a-f amplifier: 
If the overall fidelity of an audio amplifier alone (such as a 
public-address amplifier) is to be checked, an r-f test oscillator 
cannot be used as a signal source. An a-f signal source must be 
used instead. The signal output of an audio oscillator or a good 
phono-pickup unit played from a constant-frequency test record 
is suitable for this purpose. The procedure is sensibly the same 
as has already been described. This method has an advantage 
in that the audio fidelity may be checked at a number of audio 
frequencies over any desired band by setting the a-f oscillator 
(or using proper test records) to cover these frequencies. An 
“audio wobbler^’ may also be used for this purpose. 

(8) Localizing distortion in an a-f amplifier: If the fore- 
going test reveals that distortion is present, the particular stage 
in which it occurs may be localized by feeding the audio signal 
(or “audio wobbler”) to the amplifier input. The oscilloscope 
input terminals should now be connected successively to the input 
and output terminals of each stage (starting with the first one) 
and the wave form produced on the screen in each case noticed 
carefully. The stage ahead of the point at which distortion of 
the wave form is observed is the offending one. 

(9) Checking a receiver for intermittent operation: If 
a receiver operates intermittently, it may be checked by applying 
the modulated signal from a test oscillator to its input terminals 
in the usual way, and then examining its wave form in its passage 
through each successive stage. The proper pair of deflecting 
plates of the oscilloscope should be connected to the ‘‘plate’’ of 
each successive stage and “groimd”. The saw-tooth oscillator 
voltage of the oscilloscope should be set at a maximum value 
in the case of the r-f stages and at a lower value (less than the 
a-f examined) in the case of the a-f stages. The signal pattern 
on the screen should be observed long enough to determine 
whether the first r-f stage is functioning. Then proceed to the 
next, etc. The faulty stage will show up visually! 

These are but a few of the many uses of the cathode-ray 
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oscilloscope in which the service man is interested. Present in- 
dications point to its becoming one of the most useful pieces of 
test equipment in his daily work. 

When using cathode-ray tubes, it should be remembered that 
a cathode-ray beam producing a light spot of high brilliancy 
will burn the fluorescent screen if it is allowed to remain sta- 
tionary even for a short interval. Such operation may cause 
excessive heating of the glass, with resultant puncture. To 
prevent this possibility, the beam should be kept in motion. It 
is well to apply controlling voltage to the deflecting system 
before permitting the electron stream to flow. Stopping of the 
electron beam may be accomplished by removing the voltage 


Pig. 25--32. — Exterior view of a 
typical commercial cathode-ray os- 
cilloscope designed for use in radio 
service work. The circular screen 
of the cathode-ray tube and the 
control panel with its various con- 
trol knobs are plainly visible. The 
interior of this instrument is shown 
in Fig. 25-33. Its schematic cir- 
cuit diagram will be found in Fig. 
25-34. ( Type TMV-122-B ) 


OQwrtesy Mfg. Oo. 

on the high-voltage anode or by increasing the bias voltage on 
the control electrode to the cut-ofl point. 

At this point, two commercial cathode-ray oscilloscopes de- 
signed especially for radio service work will be described. These 
instruments possess many unique circuit features which are 
interesting and should prove instructive. 

25-44. RCA Type TMV-122-B Cathode- Ray Oscilloscope. 
— ^This commercial instrument, designed especially for radio 
service work, provides cathode-ray measuring facilities by incor- 
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.porating m'ost of the essential equipment in a single case, shown 
in the illustration of Fig. 25-32. The screen and various con- 
trol knobs are plainly visible. An interior view of the instru- 
ment, showing the cathode-ray tube and the various rectifier 
and amplifier tubes, is shown in Fig. 25-33. The complete 
schematic diagram of the circuit arrangement employed is shown 
in Fig. 25-34. 

The device uses six tubes 
in the following manner: a type 
‘57 tube, Vi, as an amplifier 
for the voltage to be observed 
(which is applied here to the ver- 
tical defiecting plates) : another 
type ’57 tube, V£, as an ampli- 

PiG. 25-33. — ^Interior view of the 
RCA Cathode-Ray Oscilloscope 
showing the rectifier tubes at the 
rear, the amplifier tubes directly in 
front of them, the cathode-ray tube 
vertically along the center and the 
saw-tooth oscillator tube near the 
front of the panel. The power 
transformer which supplies power 
for all the tubes and rectifier cir- 
cuits is in the case at the rear. 

(Model TMV-122-B) 

fier for the saw-tooth sweep or 
timing voltage generated in the 
instrument (which is applied to 
the horizontal deflecting plates) ; 
a gas-filled tube, VS, for gen- 
erating the saw-tooth timing 
voltage; a half-wave rectifier, 

V4, for supplying the 1,200-volt Mfff. co. 

d-c polarizing voltage for the cathode-ray tube ; a full -wave rec- 
tifier, VSj for supplying voltage to the plates of the two ampli- 
fier tubes and the gas-filled tube; and V6, the 3-inch cathode-ray 
tube which requires about 1,000 volts on its high-voltage anode. 
A single power transformer T1 is used for V4 and F5, but their 
outputs are filtered individually. 
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The two binding posts marked ^‘VerticaF’ are to be con- 
nected to the voltage under observation or to the second detec- 
tor tube of the receiver to be aligned. With the '^Ampl-A'' 
switch turned on, these posts connect to the input of FI- The 
output of VI connects through Cl to the vertically deflecting 
plates of the cathode-ray tube. Potentiometer Rl varies the 
amplitude of the input signal to this tube. 

F5 is a type ^885 gas tube connected as shown in Fig. 25-26. 
Its action in generating the sweep or timing voltage was ex- 
plained in Art. 26-34. The voltage across any one of the bank of 
condensers is fed to the input of V2 for amplification and the out- 
put of V2 connects to the horizontally deflecting plates of the 
cathode-ray tube. The connections are made with the “Amp. 
switch, St, in the “Timing” position. This saw-tooth timing volt- 
£^e is not available externally, but suitable switching is provided 
so that either this internal timing oscillator or an external 
source of timing voltage may be connected to the cathode-ray 
deflection plates through the amplifier tube YB, The frequency re- 
sponse of the two stages of amplification is substantially uniform 
from 20 to 90,000 cycles per second because of the use of the 
combination resistive and inductive load in the plate circuit of 
each tube, represented by RS and LI in the plate circuit of VI 
and R7 and LB in the plate circuit of V2. These amplifier 
stages were described in Art. 25-36, and shown in Fig. 25-29. 
The two binding posts marked “Horizontal” facilitate the con- 
nection of some other external voltage to the hori 2 ontally de- 
flecting plates. 

R-F or I-F Circuit Alignment with the Oscilloscope: 
In order to visually align the r-f and i-f stages of a receiver with 
the oscilloscope, it is necessary to employ a test oscillator to feed 
a signal into the r-f or i-f stage to be aligned, and to also arrange 
to apply the output voltage of the receiver to one pair of de- 
flecting plates (usually the horizontal pair) of the cathode-ray 
oscilloscope, so that it will cause vertical deflection of the cath- 
ode-ray beam in accordfimce with the instant-to-instant output 
of the receiver. In addition, this constant-intensity r-f or i-f 
signal supplied by the test oscillator must have its frequency 
varied (“wobbled”) up and down (at an audio rate) over the 
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small frequency band for whicli'the resonance curve is to be ob- 
served, so that the variation which occurs in the receiver output 
when the frequency of the input signal is varied over this band 
will be obtained and recorded on the screen of the cathode-ray 
tube. For instance, if the resonance curve of a 460 kc i-f stage 
which is flat-topped from about 455 to 465 kc is to be checked, the 
test oscillator frequency must be varied up and down (at an audia 
rate) from at least 455 to 465 kc in order to obtain the output 
at each frequency within this band so that the flat-top portion* 
of the resonance curve (similar to that shown in Fig. 25-9) wilt 
be obtained. It would be preferable to vary the oscillator fre- 



PiG. 26-35. — A. port- 
a b 1 e motor - driven 
^'frequency - wobbler'^ 
and saw-tooth voltage 
synchronizing unit for 
use with a cathode- 
ray oscilloscope wheni 
aligning tuned cir- 
cuits. (Model TMV- 
128-A) 


Gowrtesi/ R.C.A. Mfg. Co. 

quency over a larger range from about 450 to 470 kc so that, 
the entire resonance curve could be checked. 

This recurrent frequency variation must be obtained by using; 
some sort of “frequency-modulating^^ or “frequency-wobbler^' 
arrangement which will continuously vary or “wobble" the fre- 
quency of the test oscillator above and below the frequency for" 
which its main tuning condenser is set. As explained in Art. 
25-37, this frequency “wobbling" may be accomplished by means* 
of a special “tnimner" condenser of small capacity connected!, 
across the main timing condenser of the test oscillator and ar- 
ranged to be motor-driven at the correct speed. 


CH. XXV ALIGNING SUPERHETERODYNE RECEIVERS 781 


Simultaneously with, such frequency variation, it is necessary 
that an a-c voltage be generated ^ properly synchronize the 
saw-tooth sweep voltage generator (in the oscilloscope), so that 
the saw-tooth sweep voltage impulses will be in exact synchronism 
with this frequency variation — that is, so that one complete saw- 
tooth voltage impulse occurs exactly during the same time, and 
at the same instant, that the band of frequencies is swept over. 
Then, the output of the receiver over this entire band of fre- 
quencies will be traced on the screen of the cathode-ray tube 
in the form of a resonance curve (see Fig. 25-31). 

A complete motor-driven frequency-^modulator*' (or ^Vob- 
bler”) and synchronizing impulse-generating unit designed es- 



PlG. 25-86. — Schematic circuit arrangement of the motor- driven 
“frequency-wobbler” and saw-tooth voltage synchronizing unit illus- 
trated in Fig. 25-35. 

pecially for this purpose, and arranged in a portable mounting 
case is illustrated in Fig. 25-35. Its circuit arrangement is shown 
in Fig. 25-36. Referring to the former illustration, the electric 
motor M drives both the ‘Vobble^’ condenser W and the rotor 
R of the a-c synchronizing impulse generator by a common 
shaft. As may be seen from Fig. 25-36, the ‘Vobble^^ condenser 
is composed of two sections Ci and C-g consisting of conven- 
tional type rotary condensers, each having a single rotor plate 
attached to the common motor-driven shaft and each arranged 
to rotate between two stationary plates. Contact is made to the 
rotor shaft by means of brush B. The stators are connected 
so that one remains connected at all times. This provides a cap- 
acity variable from 15 to 37 mmfd. When switch Sm is closed. 
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the section C* is connected in parallel with the first, providing a 
capacity variable from 25 to 70 mmfd. These condensers are 
driven at a normal speed of 1,550 r.p.m., providing a complete 
'^up” and “down” frequency variation of the test oscillator sig- 
nal 1,560 -f- 60 or about 16 times per second. 

The small synchronizing impulse generator consists of a 
korse-shoe permanent magnet having a coil wound on each leg 
(coils Jji and I/*). In the magnetic field existing between the 
poles of this magnet is rotated the iron rotor G having a special 
shape to produce the desired impulse-voltage wave form due to 
its effect of increasing and decreasing the strength of the field 
across the gap and through the coils- The result is that suitable 
a-c voltage impulses are generated in coils Li and JD-e, and since 
the rotor G is rotated in synchronism with the rotor plates of 
condensers Ci and C* these generated voltage impulses will be 
in exact synchronism with the changes in capacity of these con- 
densers and the changes in frequency which they produce in the 
test oscillator to which they are connected. This synchronizing 
voltage is connected to the “synchronizing transformer” Tf 
(through the “EXT. SYNC.” terminals) in the oscilloscope (see 
Fig. 25-34) so that it acts on the grid of the saw-tooth sweep 
voltage generator tube and thereby accurately synchronizes the 
saw-tooth impulses produced by this tube circuit with the fre- 
quency variations produced in the test oscillator output by the 
frequency-wobbler condenser. This results in synchronizing the 
horizontal deflection of the cathode-ray beam with the r-f or i-f 
frequency variation. 

If an i-f amplifier is to be aligned, the external signal gen- 
erator is connected to its input in the usual fashion and the output 
of the second detector is connected to the vertically defiecting 
plates of the oscilloscope. The synchronized saw-tooth oscillator 
voltage is applied to the horizontally deflecting plates at the same 
time, and its frequency is adjusted so that a single pattern is 
obtained on the screen. Under these conditions, the overall re- 
sonance curve of the tuned circuits between the point to which 
the variable-frequency constant-intensity signal of the test os- 
cillator is applied and the point to which the oscilloscope is 
connected will be shown on the screen. The effects which any 
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trimmer adjustments produce on this resonance curve are im- 
mediately seen on the screen (see Fig. 25-31), so the necessary 
alignment adjustments may be performed properly and quickly. 

The following are the essential control adjustments of this 
oscilloscope. They can be followed by referring to the schem- 
atic circuit diagram of Fig. 25-34. 

1. ‘Tntensity’' control, R-IT, is a 100,000-olini potentiometer in 
the low side of the 1,200-volt bleeder. Its position controls the bias on 
the grid of the cathode-ray tube, which, in turn, determines the quan- 
tity of electrons emanating from the ^'gun,*' thus controlling the 
spot size. The power switch S5 is located on this potentiometer. 

2. “Focus’’ control, is a 300,000-ohm potentiometer in the 

1,200-volt bleeder. Its position controls the anode No. 1 voltage, which 
(with constant anode No. 2 voltage) determines the distance at which 
the electron beam focuses. In general, for a given “Intensity” setting, 
the “Focus” control should he set for maximum distinctness of spot 
or image. 

3. “Ampl. A” switch. Si, connects the “Vertical” binding posts 
either straight through to the vertical deflecting plates on the cath- 
ode-ray tube or through amplifier tube, VI, to these deflecting plates. 
In either case there is a condenser in the input circuit. 

4. “Ampl. B” switch, S2, has 3 positions: ^'Timing,” “On,” and 
“Oflf.” In the “Timing” position the “saw-tooth,” or timing axis, 
oscillator feeds through amplifier, V2, to the horizontal deflecting 
plates on the cathode-ray tube. When in the “On” position the “Hori-- 
zontal” binding posts are connected through amplifier, VI, to these 
deflecting plates. When in the “Off” position, the binding posts are 
connected straight through to the deflecting plates. In either of 
the latter two cases there is a condenser in the input circuit. 

5. “Ampl. A Gain” control (vertical), Rl, is a 500,000-ohm 
potentiometer on the input circuit of the vertical amplifier. With 
“Amplifier A” switch “On,” this potentiometer controls the vertical 
deflection. 

6. “Ampl. B Gain” control (horizontal) , 22-4, is a 500, 000-ohm 
potentiometer on the input circuit of the horizontal amplifier. With 
“Amplifier B” switch in the “Timing” or “On” position, this potentio- 
meter controls the horizontal deflection. 

7. “Range” switch, S4., selects one of four timing capacitors 
and on alternate positions it places a 3-meg. resistor, Rll, in and out 
of the circuit. It thus changes the timing axis oscillator frequency in 
steps, giving 8 ranges, as follows: No. 1, 20-37; No. 2, 37-120; 
No. 3, 120-205; No. 4, 205-700; No. 5, 700-1,100; No. 6, 1,100-3,700; 
No. 7, 3,700-5,700, and No. 8, 5,700-15,000 cycles per second. 

8. “Preq.” control, R12, is a 4-meg. rheostat in a series with the 
timing condenser. It changes the timing axis oscillator frequency grad- 
ually as it is rotated, and, in conjunction, with “Range” switch S4 
above, gives continuous range between the extremes of frequency 
(20-15,000 cycles). 

9. “Sync.” control, R9, is a 1000-ohm potentiometer controlling 
the amount of synchronizing voltage fed to the grid of the 885 tube. 
In general it should be set as far counter-clockwise as is consistent 
with a locked image, as over-synchronization causes poor wave-form 
from the timing axis oscillator. 
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10. "‘Synchronizing” switch, SSy has three positions, “60 

Cycle,"’ and “Ext.” In the “Int.” position the_ voltage drop across 
resistor E9 in the plate circuit of the vertical amplifier is fed 
through the input transformer to the grid of the 885 tube. Thus, 
the timing axis oscill 9 ,tor can be synchronized with the signal on the 
vertical axis at fundamental frequency or any small sub-multiple, 
such as Vs . . etc. Synchronization is not effective if it is at- 
tempted to operate the timing axis oscillator at a higher frequency 
than that of the synchronizing voltage. In the “60 Cycle” position 
a 2.6 V. 60 cycle source is impressed across the “Sync.” control, and 
can be used for locking the timing axis oscillator at 60, 30, or 20 
cycles. In the “EXT.” position the “EXT. SYNC.” binding posts are 
connected across the “Sync.” control. This allows the use of an 
external source for synchronizing. 

11. On the right-hand side of the cabinet, toward the rear, 
are two potentiometers slotted for screw-driver control. These po- 
tentiometers control the amount of d-c potential between the two 
deflecting plates of each pair, and thereby allow adjustment of the 
position of the spot or image. The rear potentiometer, R2S, (800,000 
ohms), controls the horizontal deflection and the front one, R2^ 
(300,000 ohms), controls the vertical deflection. 

12. There are three pairs of binding posts on the unit. Volt- 
age impressed on the “Vertical” posts will produce vertical deflection. 
Voltage impressed on the “Horizontal” posts will produce horizontal 
deflection. The “Ext. Sync.” posts are used when it is desired to 


Pig. 25-37. — A combin- 
ation cathode-ray oscillo- 
scope and test os illator 
built into a single portable 
case. The cathode-ray 
tube screen is at the top. 
The frequency - selector 
dial of the test oscillator 
is at the bottom. (Model 
CR600) 


Wireless Egert Eng., Inc. 



synchronize the timing axis oscillator with some external source. 
The binding posts marked “O” are all common ground and the ones 
marked “High"’ are insulated from ground, which is the chassis. 

25-45. W^ireless Egert Model CR500 Visual Resonance 
Oscilloscope. — This device is a complete cathode-ray instru- 
ment designed especially for radio service work. It is of con- 
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siderable teclmical interest since it contains in compact^ self- 
•contained form an all-wave test oscillator capable of covering 
a range of 100 to 22,000 ke, a cathode-ray tube with associated 
power supply equipment, and an electrical sweep circuit. The 
•complete unit is illustrated in Fig. 25-37. The screen of the 
cathode-ray tube is near the top, and the tuning dial for the 
test oscillator is near the bottom. A block diagram showing the 



Fig. 25-38. — ^Block diagram showings the main parts of the visual 
resonance oscilloscope illustrated in Fig. 25-37. Their relation to 
•each other is indicated by the circuit lines. The frequency of oscil- 
lator (A) is indicated as 800 ke. here. This is actually the a'verage 
-frequency between 789 and 811 kc.,^ as is explained on Page 787. 


relation of the various main parts of the instrument is shown 
in Fig. 25-38. 

This device provides direct-reading resonance indications for 
:all types of intermediate, broadcast and short-wave frequency 
-alignment tests, and may also be used for visual indications of 
rselectivity curves, adjacent channel selectivity, avc action, r-f 
signal distortion, presence of regeneration or oscillation in cir- 
•cuits, hum measurements, vibrator-transformer operation, a-f 
harmonic distortion, noisy circuits, etc. 

The operation of the instrument without the sweep circuit 
is as follows. Referring to Fig. 25-38, tube (A) oscillates at 
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about 811 kc in a conventional oscillating circuit. Tube (C), 
wbicb is one section of a 6A7 tube, constitutes a variable-fre- 
quency oscillator having a range from about 900 to 22,800 kc. 
The output of oscillator {A) modulates the output of oscillator 
(C) in the 6A7 tube, and the output consists of the sum and 
difference frequencies, exactly as in the mixer stage of a super- 
heterodyne. The difference frequency is the one that is utilized. 
This difference frequency is therefore variable from 89 to 21,989 
kc by varying the tuned circuit in oscillator (<7). Thus, the 
action so far is exactly the same as in any superheterodyne re- 
ceiver. The 811 kc oscillator output is equivalent to an in- 
coming signal and the 900 to 22,800 kc oscillator is equivalent 
to the local oscillator in the receiver. 

The output of this combination is then fed to the receiver 


voltage 

APPLIED TO 
FILTER 
CIRCUIT BY 
RECTIFIER 


Fig. 25-39. — ^How a saw-tooth voltag-e may be obtained from the 
output of a full-wave rectifier-filter system. 

whose circuits are to be aligned. The output of the detector 
of the radio receiver under test is then fed to a type *75 tube 
in the oscilloscope. The *75 is a triode-diode, so that the re- 
ceiver output connects to the triode section and its output is 
rectified by the diode section. It is the diode section that is 
applied to the vertical deflecting plates of the cathode-ray tube. 
With no sweep circuit, therefore, the image on the screen of 
the cathode-ray is merely a vertical line (see Fig. 25-21), and 
is of little significance to the service man. 

The sweep circuit is especially unique, as it does not make 
use of thyratron tubes or motors; it uses the output of a recti- 
fier tube for the saw-tooth timing voltage. It was shown in 
Art. 20-19 and in Fig. 20-23 that the output of a rectifier tube fed 
into a filter has ripples, and that the shape of these ripples is saw- 
toothed, as shown in Fig. 26-39. This saw-toothed voltage is 
coupled to the 811 kc oscillator circuit as shown in Fig. 25-40 
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This oscillator, like the usual Hartley circuit connection, consists 
of tank coils Lx and and tuning condenser C. Since the fre- 
quency is not variable, condenser C is fixed. The coils of this 
oscillator are wound on an iron core, and on this same core is 
another winding Ls, which connects to the saw-toothed voltage 
generated by the rectifier tube. The form of this voltage is sub- 
stantially that shown to the lower right of Lg. 

When the voltage across Ls rises, from a to c, the core be- 
comes saturated, and the inductance of Li and Lx decreases, 
lowering the frequency of the 811 kc oscillator. Thus, the fre- 


Fig. 26-40. — Circuit 
arrangement employ- 
ed in the oscilloscope 
of Fig- 26-38 for ob- 
taining frequency- 
modulation of the 800- 
cycle oscillator. A 
saturable-core reactor 
arrangement is used. 



quency lowers uniformly as the saw-tooth voltage rises through 
values a, h and c. With the saw-tooth voltage at a, the fre- 
quency of the oscillator is about 811 kc, at 5 it is about 800 kc, 
and at c is about 789 kc. The average frequency, corresponding 
to point h of the saw-tooth voltage, is 800 kc, and is so labeled at 
(A) of Fig. 25-38. 

Thus, the output of oscillator (A) is frequency-modulated 
by the induction effect of the saw-tooth voltage, and its variable- 
frequency voltage is mixed with the output of oscillator (C) in 
the mixer circuit (B). The output of (B) therefore varies about 
11 koi on either side of the setting determined by oscillator (C), 
Thus, if the fundamental frequency of oscillator (C) is 1,250 kc, 
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then the output after mixing would be varying between 439 and 
461 kc, and it is this variable frequency that is applied to the re- 
ceiver under test. By varying the magnitude of the saw-tooth os- 
cillator voltage, the degree of saturation of the core of oscillator 
(A) may be varied, which in turn, will vary the amount of 
change in inductance, which results in a variation in the amount 
of frequency modulation. By reducing the saw-tooth voltage 
to zero, oscillator (^) will function at 811 kc. In normal use, 
however, the 22-kc (11 kc on either side) variation in frequency 
is necessary. 

The saw-tooth oscillator is also connected to the horizontal 
deflecting plates of the cathode-ray tube for timing purposes, 
and since the timing and amount of frequency modulation (or 
^Vobbling^O are determined by the same saw-tooth oscillator, a 
synchronized image of the response curve of the receiver under 
test is obtained. 

For example, consider oscillator (C) tuned to 1,250 kc; also 
consider oscillator (A) varying between 789 and 811 kc as in 
the previous example. The voltage fed to the receiver under 
test then will vary between 439 and 461 kc. The receiver is 
tuned to the average of the two, or to 450 kc, so that its output 
will vary according to the selectivity of the receiver. The out- 
put of the detector is then fed to the *75 tube in the oscilloscope 
and rectified. This rectified voltage is then applied to the ver- 
tically-deflecting plates of the cathode-ray tube. A straight 
vertical line would be seen were it not for the sweep voltage. 
The saw-tooth oscillator is also connected to the horizontally- 
deflecting plates of the cathode-ray tube, so that the wave is 
spread out. Thus, in Fig. 25-40, when the saw-tooth oscillator 
voltage is at point a, the frequency fed to the receiver is 439 kc; 
the spot on the screen will therefore be at the extreme left since 
the saw-tooth voltage is zero. As the frequency of oscillator 
(^) decreases to 789 kc, the frequency applied to the radio re- 
ceiver increases to 461 kc, and at the same time the saw-tooth 
oscillator voltage, connected to the horizontal deflecting plates, 
moves^ the spot to the right, and the response curve is taken. 
At point c, the saw-tooth voltage is maximum, and at d it is 
zero, so the spot moves almost instantaneoitsly to the left and 



CH. XXV ALIGNING SUPEEHETEROBYNE EECEIVERS 789 

the frequency of oscillator (A) is raised to 811 kc and the oper- 
ation begins all over again. This is repeated as many times 
per second as the saw-tooth voltage repeats, which, in the case 
of a 60-cycle supply, is about 1/60 second per sweep, or about 
60 sweeps per second. This is more than enough to furnish a 
constant image. 

The instrument may also be used for any other type of 
measurement for which cathode-ray tubes can be used. Con- 
nections to the deflecting plates and the oscillator terminals are 
brought out for external use, a microammeter is used for set- 
ting the frequency of both oscillators, and the entire instru- 
ment is self contained with all power units intact. The usual 
controls are available for changing the intensity and size of 
the spot. The ^^frequency wobble’’ obtainable in this instrument 
is limited to 11 kc. on either side. 

Because of its wide radio-frequency range, the instrument 
is suitable for aligning and testing all i-f broadcast and high- 
frequency (short wave) amplifiers and filters. 

25-46. Oscillograph and Oscilloscope. — At the present 
writing there seems to be some confusion concerning the use of 
the terms cathode-ray oscillograph and cathode-ray oscilloscope 
for the type of apparatus which has been described in the latter 
part of this chapter, especially in Arts. 25-44: and 25-45. Man- 
ufacturers of these instruments are using both terms for these 
devices. Although the distinction between these terms is rather 
a fine one, it is the opinion of the author that if one must be 
made, the term cathode-ray oscilloscope should be applied to 
the device in which the wave form produced on the screen is 
viewed or observed visually with the naked eye ; the term 
cathode-ray oscillograph should be applied to that type of ap- 
paratus in which the image on the screen is recordedj usually 
on a photographic plate or film. If the origin of the two sufihxes 
are investigated, we find that “scope” and “graph” are both 
derived from the Greek. The former means “to view” with the 
eye ; the latter means “to write”. Since the average cathode-ray 
instrument of the general type described in this chapter, designed 
for radio service work, simply permits the service man to view 
the image on the screen visiLally, the name oscilloscope would 
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seem to be the more appropriate one. This term has been used 
in this book. As soon as a camera or other recording device is 
added to the oscilloscope, so that the image may be recorded, 
the entire unit becomes an oscillograph. 

REVIEW QUESTIONS 


1. What is the main advantage of the superheterodyne circuit? 

2. How is the advantage of Question 1, obtained in practice? 

3. How is the frequency of the incoming signal reduced to that 
to which the i-f amplifier is tuned? 

4. Is the oscillator frequency in a superheterodyne receiver usual- 
ly made higher, or lower, than the signal frequency? Why? 

5. What is meant by the “difference frequency” in a superhet- 
erodyne? What is another name for it? 

6. What adjustments are necessary to completely align a super- 
heterodyne receiver? 

7. What operating symptoms will be noticed in a broadcast-band 
superheterodyne receiver whose i-f circuits are misalig^ned; 

(a) if the i-f transformers are of the sharply-peaked type; 

(b) if they are of the flat-top type designed to flat-top over a 
10 kc band? 

What operating symptoms will be noticed in a broadcast-band 
superheterodyne receiver ip which the r-f tuning circuits are 
not aligned properly with each other? 

9. What operating symptoms will be noticed in a broadcast-band 
superheterodyne receiver in which the oscillator frequency 
tracks properly above the signal frequency over the high-fre- 
quency end of the dial, but does not track properly over the 
low-frequency end? 

10. If the receiver of Question 9 employs an oscillator padding 
circuit, what is the most likely cause for this trouble? 

11. What alignment sequence should be followed if a broadcast- 
band superheterodyne is to be completely realigned? Why is 
this sequence best? 

12. Draw the schematic circuit of a typical 2-stage i-f amplifier. 
Point out the i-f tuning condensers. Describe the construction 
of the i-f transformer units. 

13. Explain how you would connect all the apparatus required for 
the complete alignment of a broadcast-band superheterodyne, 
starting with the alignment of the i-f stages. The receiver 
employs one stage of t-r-f amplification ahead of the first de- 
tector, and two stages^ of 486.6-kc i-f amplification. A push- 
pull output stage, feeding into an output transformer mounted 
on a dynamic speaker, is employed. The voice coil terminals 
of the speaker are riot accessible. 

14. Where would you couple the test oscillator output for aligning 
the i-f stages when the receiver employs a ^36 type tube as a 
coimiunation first detector-oscillator? 

15. Explain in detail how you would proceed to align the i-f ampli- 
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fier in the receiver of Question 13, if it is to he sharply peaked 
at 485.5 kc. 

16. How would you align the i-f amplifier if its main i-f was 485.5 
kc, and it was designed to be aligned so as to produce a flat-top 
characteristic having a total fiat-top band with 8 kc? 

17. What two methods are employed in the design of superhetero- 
dynes for obtaining proper tracking between the r-f tuning cir- 
cuits and the local oscillator? Describe each one- Why is this 
correct tracking necessary over the entire dial range? 

18. What is meant by: (a) the low-frequency p adder; (6) the high- 
frequency padder (or trimmer), in the oscillator stage? What 
is the purpose of each? 

19. What procedure would you use in aligning the oscillator and 
r-f circuits of the receiver of Question 13? 

20. What special steps would you take if you found it necessary to 
realign a superheterodsme using automatic volume control ob^ 
tained by a separate avc tube? 

21. What special steps would you take if you found it necessary to 
realign a superheterodjnne, using automatic volume control, if it 
employed a combination tube performing the functions of second 
detector, avc, and first audio tube? 

22. A receiver whose i-f is unknown is to be aligned. A test is made 
on it for the purpose of determining its i-f experimentally. A 
test oscillator is connected to it. When the frequency dial of 
the test oscillator is slowly varied, its signal can be heard in 
the receiver at settings of 93 kc, 156 kc, and 232.5 kc. What i-f 
is the receiver designed to employ? 

23. Suppose that after you have adjusted the high-frequency trim- 
mer in the oscillator stage of a broadcast-band superheterodyne, 
you find that stations can be received only over part of the dial. 
What is the trouble, and what would you do to correct it. 

24- Explain how you would proceed to adjust an image-suppression 
trap circuit in the r-f amplifier of the receiver of Question 13, 
stating the frequencies you would employ, etc. 

26. Why should the tools employed for turning the aligning adjust- 
ment screws and nuts in receivers be made for a good insulating 
material? What is apt to happen if they are made entirely of 
metal? Explain! 

26. What is the principle of operation of the cathode-ray tube? 

27. Draw a sketch of a typical cathode-ray tube, and label all parts. 
Name the six main parts of the tube. 

28. State the function and explain the operation of each part of the 
tube which you have drawn. 

29. What material is most suitable for the screen of a cathode ray 
tube which is to be employed for visual work only? 

30- What is the electron gun in a cathode-ray tube? 

31. Draw a sketch showing the shape of the pattern traced out on 
the screen of a cathode-ray tube if a sine-wave voltage is ap- 
plied to one pair of deflecting plates — the other pair remaining 
idle. Explain ! 

Explain what must be done in order to have this pattern appear 
as a sine-wave. 


32 . 
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REPAIRING INDIVIDUAL RADIO COMPONENTS 

26 - 1 . When Repairing of Components is Justified. — ^The 
preceding chapters in this book have outlined in detail the causes 
of the majority of troubles that may be encountered in radio re- 
ceivers and the methods of locating them. It is the purpose of 
this chapter to show tried and tested ways in which many of the 
components which these tests reveal to be faulty may be repaired. 

It is a relatively simple matter to replace every piece of 
equipment that is found to be faulty, however slight the trouble 
may be. Such a procedure, obviously, is not the best nor the most 
economical course to follow in every case, and it certainly is not 
justified in the eyes of the customer. There are certain components 
whose construction is so simple and rugged that a repair may be 
effected quickly and without much trouble. Such units should us- 
ually be repaired in the field! On the other hand, there are com- 
ponents whose construction is simple, but whose assembly is such 
that it is quite difficult to effect a repair. Then, too, there are 
components whose cost is so low that it is much cheaper to re- 
place them, than to devote the time required to repair them. In 
this chapter we will confine our attention to those components 
which can usually be repaired in the field with the limited facil- 
ities which are ordinarily available, and at a time cost below 
what it would cost to replace the component. We will also con- 
sider those components which can be repaired economically in the 
shop — ^possibly during spare time. 

There is another important consideration in this question of 
whether it is better to repair, or to replace, a faulty unit. Many 
customers want repairs effected in a hurry, and since no service. 
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man has on his shelves a complete stock of parts for all models 
of radio receivers which he may be called upon to service, a 
porary repair must often be made so that the receiver can be 
operated during the period required to secure the replacement 
component if it is advisable to obtain a new component finally. 
It should be remembered that service men in isolated com- 
munities are often forced to wait an appreciable time for the 
delivery of certain components. There are also many cases 
where the manufacturer of the receiver being serviced has long 
since gone out of business, and proper replacement units are 
not obtainable even from the ordinary concerns who deal in 
replacement parts. In such cases, the service man is virtually 
forced to effect a repair himself if it is possible. 

These are but two illustrations of conditions which can modi- 
fy the advisability of replacement. Many more could be cited, 
but the main point is that certain receiver components can and 
should be repaired rather than replaced. The practical service 
man should know how, and be properly equipped, to make 
these repairs economically, and satisfactorily. If such work is 
properly done so that it saves the customer money, it cannot 
fail to promote worthwhile good will between the service man and 
the set owner, thereby creating for the service man a reputation 
for his ability to solve such problems which other less versatile 
service men are unable to cope with. In this chapter only repair 
methods which have been tested in practice and found to be sat- ' 
isfactory in every respect will be presented. 

26-2. Hepair of Fixed Resistors. — ^The various types of 
resistors employed in radio receivers, the common troubles they 
are subject to, and the methods of testing them, were considered 
in detail in Arts. 22-4 to 22-18 inclusive, so this phase of the 
subject will not be repeated here. In general, it may be said 
that resistors of the metallized-film and moulded-carbon types 
are so inexpensive that they are not worth repairing — excepting 
for emergency purposes. If the end terminals of these resistors 
become loose it is best to replace them, for repairs made on them , 
seldom are permanently satisfactory. 

If a carbon resistor becomes carbonized due to continuous 
overheating, it indicates that a unit of similar resistance but 
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higher wattage rating should be substituted for it. "When such 
units become carbonized, their resistance decreases in value. 
If the decrease is not appreciable, but enough to affect opera- 
tion of the receiver, the resistance may be raised and the unit 
used temporarily by simply scraping part of the carbon from 
the body of the imit until the correct value is obtained. The 
smaller the diameter, the greater the resistance; the shorter 
the resistor, the Zess the resistance. This latter property im- 
mediately suggests the possibility of breaking a resistor into 
smaller sections to obtain one of lower resistance value. It may 
be done provided the end clamps are of such construction that 


CA > 

Fig. 26-1. — Method of repairing a wire-wound fixed resistor in 
which the resistance wire has broken near one of the end terminal 
clamps. 

good connections can be made to the ends of the broken pieces. 
These repairs are useful merely for emergency purposes. In 
general, it is not advisable to make them for permanent repairs. 

Wire-wo\md resistors may often be repaired satisfactorily 
and quickly, depending upon the nature of the trouble. If the 
resistance wire breaks near the center it is not worth while to 
attempt a repair, for most resistance wires cannot be soldered 
by ordinary methods. If the break occurs near the metal term- 
inal clamps, as shown at (^1) of Fig. 26-1, the main end of the 
broken winding can usually be brought over to the end clamp 
and connected to it in the proper way. First the terminal clamp 
at the broken end should be removed. Then at least five turns 
should be unwound at the broken end of the resistance wire, the 
wire should be cleaned carefully with No. 00 (fine) sandpaper, and 
then carried over and rewound on the resistor form at the place 
where the terminal clamp will be put back, as shown at (B). 
The terminal clamp should then be placed over it and tightened 
securely so that it makes good contact with the several turns 
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of wire. The fact that the resistor now has a few turns less 
than it originally had only makes a negligible reduction in the 
resistance, if it is wound with numerous turns of fine wire. 
Incidentally, this method may be used (by removing the proper 
number of turns of resistance wire) to make wire-wound re- 
sistors of lower resistance value from units on hand. 

Very often the terminal clamps of wire-wound resistors 
loosen up, resulting either in a complete open circuit, or inter- 
mittent contact. In most cases of this kind, it is possible to 
make a temporary repair by carefully squeezing together the 
ends of the clamp, thus tightening it so it makes better contact 
with the resistance wire. Such repairs are usually makeshifts, 
however. Especially in cases where intermittent reception oc- 
curs, it is best to replace the resistor. 

In cases where internal grounds occur in resistors, repairs 
can sometimes be made by properly inserting insulation to pre- 
vent the contact which is causing the ground. These grounds 
usually occur when one of the end terminal clamps touches the 
mounting bracket nearest to it. A fibre washer properly in- 
serted will usually remedy this trouble. 

26-3. Repair of Variable Resistors and Potentiometers. — 
Many forms of variable resistors and potentiometers are used 
in radio receivers, usually as volume and tone controls. Some 
of these are constructed in such a way that they cannot be 
opened for repair. Since volume and tone control resistors are 
usually located in the circuit in such a position that only a very 
small current flows through them, they seldom burn out imless 
same other related component becomes faulty and causes ex- 
cessive current to flow through the resistance element, causing it 
to overheat or actually burn out. 

Noisy operation which is traced to a volume or tone control 
usually accompanies excessive wear or dirt at the rubbing con- 
tact surfaces. In such cases (in wire-wound resistors), the con- 
tact arm and the contact surface of the entire resistance element 
should be cleaned thoroughly with a clean rag dipped in ordin- 
ary cleaning fluid or alcohol to remove all dust, grit, etc., and 
the surfaces may be polished with an ordinary eraser which is 
not too gritty. Then a light film of Nujol or other min- 
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eral oil should be spread on these parts. It is absolutely 
essential not to use any type of oil other than pure colorless 
mineral oil. Other household oils raay give satisfactory results 
for a few days or a few weeks, but, owing to their acid content, 
they will eventually cause more harm than good. The purpose 
of the oil is not to lubricate the parts, but to prevent the con- 
tact surface of the resistance unit from becoming coated with 
gummy dirt or ovide. Use only a slight amount of the oil I The 
tension of the arm should he adjusted so it makes firm contact 
with the resistance element without exerting too much pressure. 
If the contact surface of the resistance element is xmeven or 
has dents in it, the entire resistor had better be replaced, for it 
will always produce noisy and erratic operation. Slight noises 
in the volume control may frequently be cleared up by turning 
the knob back and forth a few times to clean the contact sur- 
faces. 

In cases of intermittent or noisy reception caused by a vari- 
able resistor, if a similar replacement resistor is not at hand, a 
fixed resistor having a resistance equal to the highest resistance 
value of the suspected variable unit should be substituted for 
it (provided reception can be obtained when this value of re- 
sistance is employed, otherwise a low'er value may be used). 
If the trouble stops when this is done, the variable resistor 
should be replaced. Substitution of a fixed resistor is also help- 
ful for temporary repair in cases where a variable resistor is 
completely inoperative and no satisfactory replacement vari- 
able resistor is at hand. 

26-4. Repair o£ R-F Coils. — ^Major troubles in the r-f coils 
of modem selective receivers generally do not lend themselves 
to economical and wholly satisfactory repair by the average ser- 
vice man. 

This statement will undoubtedly be challenged by some, but 
it is made here in the light of experience with such troubles and 
a consideration of the time it takes to complete major r-f coil 
repairs. By a “major trouble” is meant one which necessitates 
the re-wdnding of the coil. Experience has shown that, while a 
faulty coil may be re- wound easily, it is a time-consuming mat- 
ter to wind one that will enable accurate realignment of the tuned 
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stages to be made quickly after it is connected into the receiver. 
Probably one of the most important problems in the manufac- 
ture of commercial r-f coils is the work of matching them to one 
another, or to a predetermined standard, within the close limits 
which are necessary in modern selective receivers. This has been 
a troublesome production problem which receiver and coil manu- 
facturers have solved only by the development of ingenious coil- 
winding machinery, delicate test equipment, and close attention to 
minute details. Not only must the coils be matched carefully, but 
their electrical constants must remain unchanged after they are 
wound, matched and subjected to temperature changes in the 
receiver. 

Of course, if the receiver is of the old three-dial type, or is 
a t-r-f set of early vintage in which the selectivity is so poor any- 
way that close alignment of the r-f stages is not necessary, a 
faulty winding may be replaced in a few minutes by merely 
counting the turns on the coil (or on a similar one in the receiver) 
and duplicating it with wire of the same size and insulation, but 
winding on a few more turns than is considered necessary. After 
the proper number of turns have been wound tightly, it may be 
necessary to make an adjustment in the inductance of the coil 
by removing turns until it has been brought down so near to the 
correct value that the removal of another turn would overshoot 
the mark. The second step, that of fine adjustment (when neces- 
sary) is usually carried out by spreading the end turns a little. 
By this means, a close adjustment of the inductance can be made. 
The coil should be impregnated, if the other similar coils in the 
receiver are so treated. A slight adjustment in the number of 
turns may be necessary after impregnation. 

Another important point to consider is the effect of the shield 
can when it is put over the coil. Since the shield causes the in- 
ductance of the coil to decrease somewhat, the final adjustment 
of the coil winding must be made with the coil shield in its nor- 
mal position over the coil, and properly grounded to the chassis. 

Loose windings on r-f coils may be repaired easily by un- 
windmg the loose portion of the wire, without breaking it, and, 
re-winding it back on the form, the proper tension being applied 
during the winding. The . number of turns should be checked 
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carefully, for it is usually found that the wire has stretched suffi- 
ciently to make a few more turns than the coil contained before. 

Broken coil lugs or mounting brackets may usually be re- 
paired without much difficulty. There are so many different 
methods of coil mounting and types of connecting lugs that a gen- 
eral statement cannot be made concerning these. Fortimately, 
however, their repair is usually so simple that the requirements 
may be imderstood after a few moments of inspection. Poorly 
soldered joints, open circuits, snapped coil leads, etc., can easily 
be repaired, (see Art. 22-19 for additional details on this point) . 
When coil ends are to be soldered to the connecting lugs, the 
wires should not be pulled too tightly, for subsequent tempera- 
ture changes may cause the thin wires to snap at the lugs. Leak- 
age between coil terminals (caused by absorption of moisture by 
the coil form) necessitates the baking out and subsequent mois- 
ture-proofing of the coil. 

26-5. Repair of I-F Coils. — ^Intermediate-frequency trans- 
former windings may or may not require accurate adjustment; 
it depends upon the range covered by the trimmer condensers 
which tune them. Of course, loose connections, open connections, 
etc., in these coils can be easily repaired. Major repairs which 
might necessitate re-winding the coils are usually beyond the 
scope of the service man, for these coils are imiversal-woimd. In 
such cases, immediate replacement of the faulty unit is advisable. 

26-6. Repair of Audio Chokes and Transformers. — Audio 
choke coils and audio transformers employed in the a-f circuits 
of receivers contain thousands of turns of extremely thin wire 
woimd over iron cores. The common troubles which may occur 
in these units were discussed in Arts. 22-20 to 22-24. Since they 
are usually completely sealed into their containers by means of 
insulating eompoimds, the making of internal repairs in them is 
usually not practical. However, if the trouble happens to be a 
poorly-made internal connection at the lug terminals, the con- 
nection can be re-soldered if the terminal is accessible. Internal 
open circuits, shorts, groxmds, etc., in the coils are not easily re- 
paired. In such cases, a new imit should replace the faulty one. 

26-7. Repair of Filter Chokes. — ^The choke coils employed 
in the filter systems :D]C!W^?®^=*iaaply sections of radio re- 
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ceivers usually consist of a large number of turns of thin wire 
wound over an iron core. The construction of a typical a-f 
choke is illustrated in Fig. 26-2. The winding is separated from 
the core proper by several layers of fibre, fish paper, etc., al- 
though some chokes usually have a more rigid independent bob- 
bin on which the winding is wound. The important point is 
that the coil is electrically insulated from the core (see Art. 
26-9). It is this electrical insulation that determines the max- 
imum potential difference that may safely exist between the core 
and the layer of the winding nearest to it. 

Very often, the insulation between the core and the coil 
weakens because of the absorption of moisture or because of 

excessive heat. If such a con- 
dition should exist, and end B 
(Fig. 26-2) of the coil is at a 
very high potential with respect 
to ground (the core), then the 
insulation will break down, a 
heavy current will flow between 
coil and core, and the winding 
will burn out. If it burns out 
near the inside end R, the en- 
tire coil must be taken apart 
and rewound if a repair is to be 
effected. This is usually not to be recommended. .On the other 
hand, if the open-circuit occurs near the top layer, a few layers 
of the wire may be removed and a new terminal brought out. 
The removal of one or two layers of the wire will not materially 
change the coiFs inductance, and a repair may be made easily. 
When removing the coil from the core, care must be taken to 
maintain the length of the air-gap in the core the same after 
repair as before. The inductance varies greatly with changes 
in air gap length, especially when the flux density is very high 
or very low. It is wise to measure the air-gap length by insert- 
ing a number of metal or fibre shims in the gap before dismant- 
ling, and then use the same shims for making, sure that the air- 
gap length is the same after repair. This is shown in Fig. 26-3. 
In many cases, the choke is contained in a metallic can filled 



Fig. 26-2. — Typical inter- 
nal construction of a core- 
type filter choke. 
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with a tar-like impregnating compoimd. The purpose of this 
compound is to keep the windings intact and to protect them 
from severe changes in humidity, salt air, and temperature fluc- 
tuations. To effect a repair on a sealed choke (a transformer, 
or a condenser) , it is necessary to melt the ^‘compoxmd’' before the 
imit can be removed from the can. One way to do this is to 
place the can (open end at the top) on a small tripod with a 
bunsen burner or other gas flame 
imder it, and a metal plate of 
some kind between the flame 
and the choke case, as shown at 
(A) of Fig. 26-4. If this equip- 
ment is not available, the con- 
tainer may be heated in the same 
manner by the gas flame of an 
ordinary cooking stove or by an 
electric stove as shown at (B). 

The important thing is to use a small flame and melt the com- 
poimd slowly. If the compound should become too hot, the 
enamel insulation on the wire of the choke may peel or blister 



Pig. 26-3. — Simple method 
of determining the size of the 
air gap in cores by inserting 
thin metal shims in the gap. 



cA^ 


Fig. 26-4. — ^Two convenient methods of heating the compound 
in a sealed choke, transformer, or condenser unit so that it may be 
melted out. At (A) a gas burner is used; at (B) an electric ‘‘hot 
plate” or stove is employed. 

and the entire choke will be rendered useless. If you are inex- 
perienced in this sort of work, melt the compound slowly until 
the top surface begins to flow. Remove the can from the burner 
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with a large pair of pliers and pour out into another receptacle 
what little compound is melted. Then re-heat and pour out a 
little more. Continue this until the entire can is emptied of the 
compound. This same procedure may be employed to remove 
power transformers and condensers which are sealed in cans. In 
the case of condensers, even more caution must be observed when 
applying the heat, so as not to raise the temperature to too high 
a point, or the condenser itself will be damaged. 

If the coil of the choke is open-circuited and must be re- 
paired, unwind the wire until the break is found. If the break is 
near the outside layer, merely remove the turns of wire between 
the break and the terminal lead. Then make a new connection 
to the outgoing lead. 

If the break is near the inside, or start, of the coil, then 
unwind all the wire carefully and wind it on another spool until 
the break is found. Then wind back the same wire that was 
removed. Each layer should be insulated from the next by fish 
paper or some other suitable insulating paper (see Art. 26-9). 
This will enable you to have about the same inductance when 
finished as at the start. 

If the break is near the center of the coil, new wire should 
be used. The best procedure in this case is to remove all the 
wire, weigh it accurately, and purchase the same weight of the 
same size wire with the same kind of insulation as was used in 
the original coil.* Wind the choke full with this wire, insulating 
each layer from the next one as described, and the job is finished. 

After rewinding, the coil should be tested for resistance, and 
possible groimds between itself and the core (see Art. 22-23). 
Complete rewinding of filter chokes is usually not worth while 
from a practical standpoint, imless it is for emergency purposes 
and the service man possesses equipment for winding such coils. 
It is a laborious and time-consuming job to unwind all the wire 
on a filter choke and rewind the coil properly with insulating 
paper between each layer. 

26-8. Repair of Power Transformers. — ^The construction 

•Note: complete data on all sizes of wire employed for wind- 

chokes, transformers, etc., consult the Copper Wire 
T^le (for B^e and Magnet wire) in the author’s Radio Trouble^ 
Shooter*8 Handbook. 
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features of power transformers, as far as repair is concerned, are 
not very different from those of filter chokes (Arts. 22-20 and 
26-7), The same general methods and considerations regarding 
insulation and rewinding may be applied to them. They are also 
removed from their containers by melting the sealing compound 
in the same way as explained in Art. 26-7 for filter chokes. How- 
ever, there are two major types of trouble that can develop in a 
power transformer which cannot occur in a choke ; for instance, 
one of the secondary windings may bum out or become shorted. 
If this happens, it is advisable to replace the entire transformer. 
However, if temporary or emergency repair must be made, the 
damaged winding may be repaired if the service man possesses 
sufficient skill to surmoimt the many mechanical difficulties which 
will present themselves in most cases. These difficulties depend 
upon the construction of the transformer and the location of the 
faulty winding. If the open- or short-circuited winding is near 
the top, where it is easily accessible, the rewinding may be easy ; 
but, if it is located between several other windings, all the good 
windings over it may have to be removed to determine the num- 
ber of turns, size wire, etc., on the faulty one. After this one is 
removed and rewoimd with the same number of turns of wire of 
exactly lihe same size and type as the faulty one was composed 
of, the other windings must be put back over it, observing all 
necessary precautions as to insulation (see Art. 26-9), etc. It 
is evident that this is no simple task, nor is it, a job for an inex- 
perienced service man. Usually in power transformers the prim- 
ary is wound nearest to the core, then comes the static shield 
(if one is employed), over this is the high-voltage secondary, and 
over this are the low-voltage filament windings. 

In some transformers the construction is such that there is 
some vacant space aroimd one or more of the core legs, usually 
the ones facing the leg on which the main windings are placed- 
If such space is available, it is not necessary to remove any of 
the original windings of the transformer in order to replace a 
faulty low-voltage secondary winding with a new one. The pro- 
cedure now to be described may be employed instead, after the 
transformer is removed from the receiver. 

The first step is to ascertain how many turns of wire the 
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faulty winding contains. This may be determined without even 
inspecting the winding. Wind about 10 to 20 turns of thin 
enamel- or cotton- covered wire around whichever core leg has 
sufficient space around it to accommodate the replacement wind- 
ing, carefully counting the turns as they are put on. The num- 
ber of turns wound is not important, as long as the exact num- 
ber is counted and recorded. However, enough turns should be 
wound so that when the primary winding is connected to the 
a-c electric light line, a voltage large enough to be read easily 
and accurately on a voltmeter will be developed in this tem- 
porary secondary coil. 

Connect the terminals of the temporary winding to an a-c 
voltmeter and connect the primary winding of the transformer 

Fig. 26-6.— Method 
of determining the 
mimber of turns to 
wind on a power 
transformer for an 


the'^ transformer. 

to the a-c power supply line. Now carefully measure the voltage 
developed in the temporary winding. The connections are shown 
in Fig. 26-5. Xet us assume (as shown) that the temporary wind- 
ing has been woimd on any one of the core legs other than the 
one on which the main windings are located. Let us suppose 
also that 20 turns of wire have been wound on, and that the 
total voltage induced in them has been found to be, say, 10 volts. 
Then 20/10 = 0.5 volt-per-tum is induced in this winding, and 
0.5 volts-per-turn will be induced in any other winding woimd 
in the same place. Now, if the faulty low-voltage secondary 
winding to be replaced is, say, a 5-volt winding, the replacement 
winding should be wound with wire of the same diameter and 
type of insulation as the faulty one is composed of (this may he 
determined by an inspection of the end leads of the faulty 
winding) and should contain 5/0.5 = 10 turns. The temporary 


extra winding to de- 
velop a definite speci- 
fied voltage — without 
disturbing any of the 
original windings of 
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winding should be removed, and the new lO-tum winding should 
be wound in its place, being careful to insulate it thoroughly from 
the core (see Art. 26-9), This new winding may then be used 
in place of the faulty one. It is best to wind on a few turns 
more than the above consideration indicates (about 15 per cent 
more) for the voltage available at the terminals of the new 
winding when the receiver is in operation will be somewhat less 
than that obtained during this test, due to the effect of the load 
on the transformer. A turn or two can always be removed easily 
if the voltage is too high. * 

The elimination of hum caused by the vibration of loose lam- 
inations in the cores of filter chokes and power transformers has 
already been considered in Art. 22-24 in Chapter XXII. The 
reader is referred to this section for information on this subject. 

26-9. Insulating Filter Choke and Transformer Windings. 
— ^Whenever filter chokes or power transformers are repaired 
every precaution should be taken to provide proper insulation 
for the windings. The insulating materials generally used in 
these components are pressboard, paper, varnished cambric, cot- 
ton, etc., made especially for insulating purposes. The places at 
which each type of insulation is used depend upon the existing 
voltage differences, etc. For example, the insulation between 
the core and the innermost winding usually consists of layers of 
heavy paper, varnished cambric, pressboard, etc. After proper 
varnish impregnation, these materials are capable of withstand- 
ing the voltage stresses and the operating temperatures which 
exist, at this region, without deterioration. Care should be taken 
to insure that the wire insulation is not damaged in any way 
while winding the coils; the wires should not rest against any 
unprotected sharp edges of the laminations, etc. 

Sufficient insulation must be inserted between the adjacent 
layers of each winding. This insulation can he a thin paper 
(such as the ordinary thin ^'glassine'' paper employed for wrap- 
ping picnic lunches) because the voltage-per-layer which exists 
is much under 100 volts. Sufficient insulation must also be pro- 
vided between the various windings. Since these places must 
have higher insulation strength, varnished paper, cotton tape, 
pressboard, etc., is employed. 
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For most satisfactory service, power transformer and filter 
choke coils should be impregnated. While the service man does 
not possess the equipment required for vacuum-impregnation, 
he can do a fairly good simple impregnating job by first driving 
ofi as much moisture as possible by baking the coils in an oven 
for several hours (left slightly open so the moisture can escape) 
at a temperature which will not damage the insulation. Then 
they should be impregnated with a good insulating varnish which 
should be allowed to soak into the insulation so that the coils 
will be completely protected. 

26-10. Repair of Vacuum Tubes. — ^In general, it may be 
said that it is not possible to make any internal mechanical or 
electrical repairs to vacuum tubes as they are constructed at 
present. Rejuvenation of the cathodes of tubes can only be 
accomplished successfully with thoriated-filament type tubes, 
and, even then, under rather exacting conditions. Rejuvenation 
consists of applying excessive filament voltage for small periods 
of time until the active material in the filament comes to the 
surface. If this is done in oxide-coated tubes of either the “in- 
direct-heater'^ or “filament'' type, the electron-emitting coating 
will be ruined in a short time. 

26-11. Repair of Paper-Wound and Mica Type Conden- 
sers, — :Modem construction of mica type fixed condensers is 
such that the entire assembly is sealed into a bakelite case that 
is airtight and moisture-proof. This prevents any possibility 
of repair if an open- or short-circuit develops — ^which very sel- 
dom..happens anyway. These units are also in the low-cost class, 
and any repair that may be effected is not warranted' when con- 
sidered from a standpoint of the time required for repair. 

Single-unit paper-wound condensers present much the same 
problem. They are inexpensive, and their repair is hardly worth 
considering, especially since the most common trouble which 
develops in them is that of short-circuiting due to breakdown of 
the paper dielectric by the applied voltage. Since this causes 
holes to be punctured in the paper, repair is not practical. How- 
ever, condenser blocks which contain several 1- or 2-mfd. eon- 
densers, oir single 2- or 4^mf d* condenser units composed of sev- 
eral 1- or 2-mf4. condensers connected in parallel, may oftfen 
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be repaired successfully and economically when only one of the 
condensers in the group has become damaged. Such repairs are 
made by first heating the entire assembly (see Eig. 26-4) slowly 
until the impregnating compound (pitch or paraffin) melts and 
can be poured out. Then the internal connections are located 
and both terminals of each condenser are disconnected. Each 
condenser is then given an open-circuit, short-circuit, leakage 
and ground test (see Art. 22-26 to Art. 22-32 for details). 
When the faulty condenser has been located, it should 
be removed, and a new one of the same capacity, physical size 
and voltage-rating should be substituted for it and connected 
permanently in place. All of the condensers should be insulated 
from the metal container by a lining of thin pressboard. The 
impregnating compound (preferably new compoimd) is then 
poured in around the condenser assembly \intil the can or other 
container is filled. To avoid internal cracks and voids caused 
by shrinkage, it is best to pour the compound back a bit at a 
time so as to make layers about 1 inch thick, allowing each 
layer to harden before the next is poured over it. 

26-12. Repair of Electrolytic Condensers. — ^Electrolytic 
condensers cannot generally be repaired successfully. Certain 
types (especially the wet type) have the property of healing 
themselves after being punctured; but, unless the plates of the 
condensers are properly formed when healed, the heal will not 
be a permanent one. Electrolytic condensers make use of a film 
of oxide on the surface of the metal used for the anode. This 
film is exceedingly thin, and punctures easily when the rated 
voltage of the condenser is exceeded. 

When such a condenser breaks down, the best procedure for 
attempting to repair it is to apply the smoothest d-e (of less 
than rated voltage) available, to the condenser for a few mom- 
ents. The film will be re-formed at the point of puncture. The 
applied d-c voltage should then be raised slowly imtil rated volt- 
age is reached. It is best to start re-forming with the highest volt- 
age that the punctured condenser can stand without leaking 
through. Also, be certain that the final application of voltage is 
made with rated voltage; if the re-forming process is stopped 
before rated voltage is applied, the capacity of the condenser 
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will be greater than the rated value but the voltage rating will be 
lower than rated. It will then repuncture when placed in its 
norlnal circuit. This is so because in an electrolytic condenser 
the capacity varies inversely as the forming voltage. As the form- 
ing voltage is increased, the thickness of the dielectric increases, 
thereby reducing the capacity per unit area. However, the 
thicker dielectric is able to withstand higher operating voltage 
without breaking down. If this attempt to re-form the condenser 
is unsuccessful, it had better be discarded and replaced with a 
new one of similar capacity and voltage rating. 

26-13. Repair of Variable Condensers. — So much improve- 
ment has been made in the design of variable condensers that 
the modern gang condenser is truly an instrument of precision 
and is likely to remain in good order. If a variable tuning con- 
denser is not abused physically, the only troubles that are likely 
to occur are: 

1. Wobbling or scraping of the rotor plates due to loose or 
worn bearings. 

2. Noise due to a poor wiping contact to the rotor. 

8. Noise due to ‘‘peeled” or dirty plates. 

If one of the bearings of a variable air condenser becomes 
loose, it may be tightened properly. A special wrench is usually 
required for this purpose. When the bearing has been tightened, 
be sure that the rotor does not bind and can be moved freely. 
Also make certain that the rotor plates are centered between 
the stator plates and do not touch them. ^ 

If a bearing becomes worn greatly, the rotor will wabble, and 
the best procedure is to replace the condenser immediately. It 
may be possible to make a temporary repair, but the rotor will 
not txim smoothly for very long and will usually give trouble 
again after a short time. Modern condensers may be rotated 
many thousands of times before bearing trouble exists, so that 
this form of difficulty is usually encountered only occasionally. 

A noisy condenser is one which generates noise in the receiver 
while it is being rotated. This noise is usually caused by dirty 
wiping contacts, and can be usually repaired by simply cleaning 
the contact with sand paper, cigarette lighter fluid, or alcohol, 
and bending iliem so as to make firm contact. As a matter of fact. 
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many cases of intermittent receiver operation due to oscillation 
of the r-f amplifier are caused directly by poor wiping contact at 
the rotor of the tuning condenser. The wiping contact may be 
located in the bearing itself, in which case it is often advisable 
to dismantle the condenser and clean the bearing to eliminate the 
noise if this does not take too long. On the other hand, the wip- 
ing contact may be made by means of a small end finger strip 
pressing against the far end of the condenser shaft. Cleaning 
the end of the shaft and the contact strip itself will usually elim- 
inate the noise. 

Instead of attempting to eliminate ^'tuning condenser noise" 
by cleaning the wiping contacts, the most effective expedient of 
all is to make a positive contact to the rotor by installing a 
pigtail connection between the rotor shaft and the frame of the 

Fig. 26-6. — A vari- 
able tuning condenser 
showing the location 
of the spring pigtail 
to eliminate the pos- 
sibility of bearing- or 
wiping-contact noise 
caused by poor rotor- 
shaft contact. 


condenser. A short length of thin copper braiding or wire com- 
posed of a large number of small, annealed copper wires may be 
used for this purpose. This is installed by attaching one end of 
the pigtail to the rotor shaft while the condenser plates are un- 
meshed, and then winding up the pigtail by meshing the con- 
denser plates, after which the other end is secured to the con- 
denser frame or to the chassis. In some receivers employing gang 
condensers, oscillation can be stopped only by soldering such a 
separate pigtail lead to the condenser shaft at each section of the 
rotor. 

Several makes of condensers are manufactured with these pig- 
tails already installed. A small spiral spring, similar to the 
mainspring of a watch, encircles the rotor shaft and connects to 
it. The other end of the spring connects to the rear end plate 
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of the condenser frame. Under normal conditions, the spring is 
wound slightly so that it winds up full when the plates are fully 
meshed. This type of condenser cannot be rotated more than 
180®. A sketch showing a spring arrangement of this kind is 
shown in Fig. 26-6. 

The plates of many variable condensers '‘blister^^ or peel, 
after some use. Blisters often occur on the surface of the plates 
of die-cast condensers. Peeling occurs on condenser plates which 
have been plated. In other types, peeling occurs at the joints 
between the rotor plates and the shaft. The small peelings do 
not fall out, but cling to the sides of the plates and collect dust 
and dirt. The result is that the condenser becomes partially or 
totally short-circuited in many spots over the tuning range. This 
trouble usually manifests itself by loud crackling in the loud 
speaker at one or more definite condenser settings. A continuity 
test applied with a sensitive ohmmeter will also reveal this con- 
dition (see Art. 22-37) . 

The remedy is to clean every plate and the rotor shaft with 
a small brush or pipe-stem cleaner until as many particles as pos- 
sible have been removed. Sections of the plates that look as if they 
will peel in a short time should be stripped of the loose surface 
immediately and smoothed off with the brush. Then the tuning 
coils should be disconnected from the stator terminals and a high 
voltage (500-700 volts), obtained from the full high-voltage 
secondary winding of an ordinary power transformer should be 
connected between the rotor and each stator section, in turn, 
while the condenser is rotated slowly to each extreme position. 
The circuit arrangement for this is illustrated in Fig. 26-7. The 
application of this high voltage burns away all projecting slivers 
of metal which might cause short-circuits. The test prods should 
be handled carefully, because of the high voltage. If the work 
is done with the condenser removed from the receiver, the con- 
denser shaft may be turned by means of a knob placed on it, as 
shown. The knob will insulate the hand from the shaft. 

26-14. Repair of Loud Speakers. — ^Loud speakers are among 
the few audio components that can be repaired successfully. In 
this respect, there are two types of speakers that must be con- 
sidered; tlie magnetic diXid the electro-dynamic (commonly re- 
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ferred to as dynamic”). The former is characterized by the 
use of a stationary permanent magnet, and a movable iron dia- 
phragm, reed, or armature. The latter is identified by the use 
of a stationary electromagnet and a movable coil. Even this dis- 
tinction is not complete, since dynamic loud speakers are also 
made with a stationary permanent magnet and a movable voice 
coil. Such speakers are aptly called permanent-magnet dynamic 
speakers, and will be considered as dyTiamic speakers in this 
book.* 

Before discussing the various troubles which may occur in 
loud speakers, it is well to point out that in many cases where 



Fig. 26-7. — Circuit arrangrement for burning out dust, or metal 
peelings, from the plates of a tuning condei^er by using the high 
voltage from an ordinary radio receiver power transformer. 


the loud speaker is suspected as a cause of trouble in a receiver, 
the trouble is really due to something in the receiver proper 
itself. For this reason, xmless the trouble is one that can be 
traced definitely to the loud speaker at once, no tests or repairs 
should be made on it until it has been ascertained beyond a 
doubt that the receiver proper is in perfect operating condition. 

A quick way to determine whether it is the loud speaker or 
the receiver proper that is faulty is to connect a ^‘substitute” 
speaker in place of the regular speaker and then listen to the re- 
production, If it is still imsatisfactory, the trouble undoubtedly 

^Note: For a comprehensive discussion of the construction and 
theory of operation of all types of loud speakers in common use, the 
reader is referred to the Radio Physios Com^se, by Ghiraxdi. 
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lies in the receiver proper, if good reproduction is obtained with 
the substitute speaker, the regular speaker should be checked for 
the trouble. An excellent portable '^multi-test” speaker designed 
especially for such substitution purposes is illustrated in Fig. 
26-7A. 

This speaker is provided with a universal output transformer so 
that it can be properly matched to all output tubes to ''give the min- 
imum possible distortion. It also contains a universal voice-coil 
transformer which has taps that coincide with the values of all the 
common voice-coil impedances of dynamic speakers. This permits 
the easy checking of those radio receivers and amplifiers that have 
the output transformer built into the chassis, and enables checks 
to be made on output transformers under actual operating condi- 
tions. 



Cmirtesv Wriffht-Ds Cotter Ine. 


Fig. 26-7 a. — A port- 
able “universal test 
speaker^' designed for 
substitution purposes. 
It will match all out- 
put tubes, all output 
transformers, and all 
field coil resistance val- 
ues. (Model 3000.) 


The field coil is alsc of the “universal type'' with taps at resist- 
ance values agreeing with all the field resistances used in standard 
practice — even including a tap for use as a bias resistor in sets 
which have this feature. No “dummy" field resistance is used — all 
field resistance taps are taken off directly from the field coil so that 
the speaker can also be used to check the operation of the filter 
circuit. It is evident therefore, that this versatile speaker will match 
all tubes, all output transformers, and all field coil values. 

Many of the troubles in loud speakers are of the “obscure” type 
(see Arts. 23-46, 23-47 and 23-48) , that is, they are not revealed 
by the usual voltage, current, or resistance analysis of the re- 
ceiver, but an experienced service man can spot them instantly 
by listening to the reproduction. Such troubles as a loose cone 
apex, improperly centered armature, scraping voice coil, broken 
spider, etc., cannot be detected by any electrical measuring in- 
struments but they can be detected quickly by the ear. 

26-15. Electrical Tests on Horn-Type Magnetic Speakers. 
— ^Although the popularity of magnetic speakers has dwindled 
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greatly and they have not been employed in recent receivers to 
any extent, many thousands of them are still in use in old re» 
ceivers. Service men are often called upon to service them. 
There are two general types of magnetic speakers used 
with radio receivers. The first is the type which employs a dia- 
phragm and a horn; the second is the type which employs an iron 



Pig. 26-8. — Various electrical tests which should be made on a 
magnetic loud speaker of either the ircn^iaphragm or balanced artru- 
ature type in order to locate electrical trouble in either the speaker 
cord or the coils. These tests are described in detail in the accom- 
panying text. 


reed or armature actuating a cone. Both types will be considered, 
separately, here. 

Hom-type magnetic speakers are no longer in general use 
in radio receivers, and, where they are encountered with major 
troubles, it is usually best to replace them with one of the mag- 
netic cone speakers which can now be obtained at low cost. 
However, the service man often encounters large horn-type 
speakers employing iron-diaphragm type units in puhlic-address 
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systems of small size. At any rate, it is well to know how to test 
and repair this type of speaker if the occasion arises. 

A quick test to determine if the speaker operates at all may 
be made by simply touching the cord tips of the speaker across some 
source of low voltage as shown at (A) of Fig. 26-8. A sharp “click” 
should be heard each time this is done, if the speaker operates. If 
only a slight click is heard, the winding may be open, for a small 
current can flow due to the capacity between the two parts of the 
winding (which consists of many turns of fine wire). 

If the speaker does not operate at all, the trouble is most likely 
an electrical one in either the speaker cord or the coils. 

The cord should be tested first. Test for continuity across the 
tips of the speaker cord, as shown at (B), A constant deflection of 
the ohmmeter needle should result if the speaker winding is good. 
Bend the loud speaker cord back and forth at the tips; if the meter 
reader varies, it indicates a faulty connection at the tips. The 
connection should either be resoldered or, better still, the entire 
cord should be replaced with a new one. If no reading is obtained 
on the first test, open the case of the unit and remove the diaphragm 
and washers. Then remove one lead of the cord from the speaker 
unit. The ohmmeter should indicate a complete circuit from one of 
the cord tips to one of the lugs at the speaker end of the cord, as 
shown at (C). Repeat this test from the second tip to the second lug. 

With one lug still disconnected from the unit, test for continuity 
across both lugs at the speaker end of the cord as at (D), making 
sure that the tips on the other end of the , speaker cord are not 
touching each other. No complete circuit should be indicated; if a 
complete circuit is indicated, it shows that the two cord leads are 
shorted inside the covering. With one speaker cord lug still dis- 
connected from the unit, test both unit terminals for continuity, as 


Fig. 26-9. — Cross- 
section view of a typ- 
ical hom-type iron- 
diaphragm loud speak- 
er unit, showing the 
relative arrangement 
of its parts. A dis- 
assembled unit of this 
kind is illustrated in 
Fig. 26-10. 


shown at (.E^). An “open'* indication obtained here points to an open 
circuit somewhere in one of the magnet coils, or possibly in the leads 
to the terminals on the unit. These leads should be inspected care- 
fully, for, the thin wire often breaks, or corrodes away at the soldered 
joint. A break here can easily be resoldered. If resoldering is 
necessary* be careful to scrape away the enamel insulation and use 
resin-core solder only. Never use “acid” or soldering paste fluxes 
as they will corrode the fine wire. If the . ohmmeter shows a contin- 
uous circuit wh^ the coil test is made, but shows that the coil re- 
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sistanee is extremely low, tkere is a “short” or ‘^ground” within 
either or both of the coils. The next test will indicate which one 
is faulty. 

As shown at (i^), each winding should now he tested separately 
between its terminals, and between each terminal and the ease of 
the unit. If a winding is found to have an internal short, open, or 



Courtesy Atwater Kent Radio Co. 

Fig. 26-10. — A typical iron-diaphragm type loud speaker unit 
disassembled to show its various parts. 

ground, it should be replaced. Each winding should have approx- 
imately the same resistance. 

This completes all the electrical tests that may be made on 
magnetic units. As we shall see in Art. 26-17, precisely the 
same electrical tests may be made on magnetic speakers of the 
balanced armature type. Any other troubles will be of a mech- 
anical nature. 

26-16. Repair of Horn-Type Magnetic Speakers. — As has 
already been explained, horn-type magnetic speakers should be 
repaired only when the troubles are of a minor nature or when 
the owner insists on such repairs being made. Major repairs in- 
volving the removal of one or both of the coil bobbins, etc., usual- 
ly take considerable time and require skill and patience. The 
parts of such speakers are delicate and crowded close together. 

Replacement with one of the balanced-armature cone type speak- 
ers which are now available at extremely low cost will usually he 
much less costly and give more satisfactory performance. However, 
if the faulty speaker must be repaired, the service man will have to 
do the work. A brief description of some of the mechanical service 
problems which may be encountered now follows. 

A cross-section view of a typical horn . speaker unit of the bal- 
anced-armature type is shown in Pig. 26-9. A speaker unit of this 
type with the parts disassembled is illustrated in Fig. 26-10. It 
eonsists, essentially, of a case, two magnet coils mounted over the 
pole pieces of a permanent magnet, and a diaphragm suspended 
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between rubber g:askets and a steel washer. The diaphragm is held 
in the upward position by a wavy spring washer, which is shown at 
the extreme left in Pig. 26-10. Of course, not all units are con- 
structed exactly as shown here, but the illustration is typical of the 
majority of them, and the folloAving service notes will, in general, 
hold for all types. 

Iron Sings or other foreign matter may collect on the pole pieces 
and cause rattling and low volume. The filings around the sides 
may be removed with a pocket knife by working outward and upward 
from between the pole pieces. Those fillings on top of the pole pieces 
may be removed by simply wiping them oif with a clean cloth. The 
thin varnish-like coating on the pole pieces is used to prevent the 
formation of rust. This coating often peels, so that it is necessary 
from time to time to remove the small flakes of it that collect on 
and about the pole pieces. Rubbing some light mineral oil on the 
pole pieces will assist in preventing the future formation of rust. 

The spring which may loosen its tension and produce insufficient 
pressure against the diaphragm, causing rattling on high volume, 
may he replaced, or all of the bends may be hei^tened by hand to 
supply the desired pressure. It is important here to be certain that 
all bends have exactly the same height. A simple test is to place 
the spring on a flat table and place the diaphragm on top of it. A 
small level may then he placed on top of the diaphragm. The bends 
may then he adjusted for equal heights. It is wise to test the level 
of the table before bending the spring. 

The rubber gaskets are used to damp the vibration of the dia- 
phragm at its natural frequency- They may dry out and lose their 
elasticity after some use. This condition will manifest itself by 
rattling at some particular frequency, and by poor tone quality. 
The remedy, of course, is to replace the gaskets with new ones of 
live rubber, as they cannot be repaired. 

The diaphragm may be bent, buckled or dented. If this occurs, 
it should be replaced. In many cases, the underside of the diaphragm 
has rusted, the rust clogging the small air gap between the dia- 
phragm and the pole pieces. Unless the diaphrag:m is replaced in 
such cases, the rust spots should be cleaned thoroughly, and a coat 
of thin lacquer or varnish applied to protect the metal. 

Weak magnets give rise to weak and ^^tinny” reproduction. 
While more elaborate tests may be made, service men usually 
test permanent magnets for strength by touching the magnet 
face or the pole pieces with a screw driver. A tenacious 
should be felt. Of course, experience teaches how much pull to 
expect for strong magnets and for . weak magnets, since the size 
of the magnet should also be considered. If there is only a weak 
ptill, or none at all, the permanent magnet is demagnetized and 
should be either replaced, or removed from the unit and re- 
magnetized by the method described in Art. 26-18. 

26-17. Klectrical Tests on Balanced- Armature Magnetic 
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Speakers. — ^The electrical tests to be made on balanced-arma- 
ture type magnetic speaker units of either the cone or horn type 
are precisely the same as those outlined in Art. 26-15, and illus- 
trated in Fig. 26-8, for iron-diaphragm type speakers. First 
the cords, and then the coils are tested for continuity, shorts, 
and grounds by means of an ohmmeter. Any electrical troubles 
revealed by these tests should be eliminated either by repair or 
replacement of the part in question. The service man should 
keep in mind what has already been said in Art. 26-15 about the 
advisability of making major repairs on these speakers. 

26-18. Remagnetizing Permanent Magnets. — If the mag- 
net test described in the last paragraph of Art. 26-16 reveals the 
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Pig. 26-11. — Construction details of a coil which may be used to 
remagnetize the permanent magnets of loud-speakers and phonograph 
pickups. The winding form for the coil is shown at (A) . The method 
of magnetizing is shown at (R). 


permanent magnet of a magnetic-type loudspeaker, or a phono- 
graph pickup unit, to be weak, it should be remagnetized. Mag- 
neto and automobile ignition service stations are equipped to 
remagnetize permanent magnets quickly and at small cost. How- 
ever, if the service man desires to do this work himself, the simple 
arrangement of Fig. 26-11 may be employed. 

The magnetizing coil should be constructed first. A form 
on which the coil is to be wound must be made. The details of 
this form are shown in (A) of the figure. Note that the sides 
of the form are attached to the core of roimd wood by means 
of wood screws; this is quite essential, as the form is to be 
taken apart after the coil is wound. After the form is made, 
two layers of wrapping paper are wound over the core; then 
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several strips of cotton tape are placed in the trough of the form, 
at intervals around it, as shown at (A) , and spot-glued to the 
sides with a little mucilage to keep them in place while winding ; 
the coil. Now wind 196 turns of No. 16 d.c.c. wire in 14 layers 
of 14 turns per layer; this requires one pound of wire. After jf 
winding, the cotton tape is bent over the top of the coil to hold j! 
the turns in place. The end pieces of the form are then removed 
and the core slipped from the center of the coil. If desired, ' 
additional tape may be wound over the coil to hold the turns I 
of wire in place, although impregnating the coil with paraflfin 
or pitch will help it to withstand rough usage. 

The magnet to be remagnetized is then slipped through the 
opening in the coil and a ^^keeper" of cold-rolled steel is placed 
across the terminals, as shown at (B). The” coil terminals are 
then connected to a 6-volt storage battery for a few moments 
(the magnetizing process is almost instantaneous). The drain 
on the battery is about 12 amperes, which is well within the 
limits of an, ordinary battery used for automobile starting. 
The battery should be well charged! The magnet should be 
struck a few sharp blows with a small hammer while the current 
is turned on. This will aid the molecules to rearrange them- 
selves to produce the magnetized condition. The coil is then dis- ! 
connected, removed from the magnet, and the job is finished. | 
This magnetizing coil is adequate to saturate all types of small ' 
permanent magnets including those of earphones, magnetic 
speakers, phonograph pickups, etc. The coil may be placed at 
any position on either leg of the magnet if necessary; it is not 
essential that it be placed at the bend as shown at (JB) . Perm- 
anent magnets should never be allowed to lie around unless a 
soft iron keeper (which may be an ordinary large iron nail) 
is placed across the poles. 

26-19. Repair of Balanced- Armature Type Magnetic 
Speakers. — ^Figure 26-12 shows a cut-away view revealing the 
construction details of the typical form of motor unit employed 
in m^netic speakers of the balanced-armature type. The per- 
manent magnet and its pole pieces have been omitted purposely 
as ihey would make it impossible to see the coils and the arma- 
ture. These parts m&y be seen in the illustration at the right of 
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Fig. 26-13. Two magnet coils containing many turns of fine en- 
amel-covered wire are woimd over an armature which is pivoted 
between the pole pieces of a horseshoe-shaped permanent magnet, 
as shown in Figs. 26-12 and 26-13. The armature connects to 
the thrust lever (Fig. 26-12) through a drive pin, and the thrust 
lever actuates the cone of the speaker through the driving rod. 

The trouble symptoms that may arise in balanced-armature 
type magnetic cone speakers are weak reproduction, no repro- 
duction, distortion, noise and rattle. There are a number of 
causes for these symptoms, and each cause may give rise to 
more than one symptom. For this reason, the troubles will be 
listed and considered according to their causes and remedies. A 
summary of the common symptoms of trouble which develop in 
balanced- armature type cone speakers, and their causes follows: 


1. No operation: 

(a) open cord 

(b> faulty tip terminal joints 
(c) open coil 

(d> open coil leads to terminals 

2. Weak operation: 

(a) weak magnet 

(b) shorted coil (partial or complete) 

(c) grounded coil 


3. Noisy operation: 

(a) frayed cord 

(b) internal defect in cord 

(c) poor joints at cord tips 

4. Distortion or rattle: 

(a) armature striking pole pieces 

(b) sticking armature 

• (c) foreign matter interfering with armature action 

(d) torn or otherwise damaged cone 

(e) improperly seated cone 

(f) loose thrust lever 

(g) bent drive pin 

(h) loose or bent drive rod 

The first three trouble symptoms have already been con- 
sidered in Arts. 26-15, 26-16 and 26-18. The troubles which may 
cause the last one, and the remedies for them will now be con- 


sidered. 


26-20. Recentering the Armature of a Balanced-Armature 
Speaker Unit* — ^If the armature is not centered correctly be- 
tween the pole pieces, a very disagreeable rattle and distortion 
may result on loud notes. The space between the armature and 
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each pole piece is different in different makes of speakers, but 
the average is about 0.1-inoh. If the armature is misaligned, 
it may be realigned by the following method- Two similar spacer 
tools are required, and may be made up by the service man. 
They are simply pieces of non-magnetic sheet metal cut to the 
proper size and shape and of the proper thickness to be inserted 
between the armature and the pole pieces. A sketch of a typical 
spacer tool is shown at the left of Fig. 26-13. It consists, essen- 
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Eig. 26-12. — Cut-away view showing the essential components 
in the motor of a typical balanced-armature type loud speaker unit. 
The permanent magnet and pole pieces have been omitted for clarity. 

tially, of a strip of phosphor bronze or brass having a thickness 
equal to the spacing between the armature and pole pieces and 
about %-inch wide and 6 inches long, bent into the form shown. 
The ends should be tapered to a width of %-inch. 

Two of these tools are necessary when adjusting the armature. 
Insert the prongs of one tool in the spaces between the armature and 
pole pieces at one end of the unit, as shown at the right of Fig. 26-18. 
The other tool should be placed in similar position at the other end 
of the armature — a little to one side in the case in order to clear the 
drive pin which is located at this end. By loosening screws (A) and 
(B ) , any tension in either direction that may have been on the arm- 
ature is released, and the spacer tools will provide the correct clear- 
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ance or spacing:. Now while the spacer tools are in place, a hot 
soldering^ iron is applied to the drive pin — ^thmst lever connection 
point (see Fig. 26-12), and the solder is heated snflaciently to allow 
the drive pin to find its normal position with regard to the thrust 
lever. (Since the solder used at this joint has a low-melting point 
very little heat is necessary.) The iron is now removed. Screws 
(A) and (B) are now tightened and the spacer tools are removed. 

The armature is now correctly aligned and balanced so that 
no abnormal strain is being imposed upon it in any direction, 
and it is correctly centered between the pole pieces so rattling 
should not occur on normal signal volume."- 

26-21. Freeing a Sticking Armature. — ^Very often the arm- 
ature of a balanced armature speaker is found to be sticking 



Right I How the tips of 


the spacer tools are in- Gourteay u.o.i.. Tictor 

sorted (one at each end 

of the armature) so that the armature is held in a centered position 
betVeen the pole pieces. 

(by magnetic attraction) to the face of one. of the pole pieces at 
either end. The repair in such instances is the same as for the 
incorrectly centered condition of Art. 26-20. The assembly must 
be loosened and the armature spaced properly with spacers. Be 
certain that all screws are tight, as a sticking armature may be 
caused by one or more of the tension screws working loose be- 
cause of vibration and allowing the armature to sag to one side. 

26-22. Removing Foreign Material from the Air Gap. — 
Foreign matter lodged between the armature and pole pieces is a 
frequent cause of trouble. This interferes with the movement 
of the armature, resulting in poor reproduction. A visual in- 
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spection will reveal this condition. This foreign matter may con- 
sist of dirt and dust, small pieces of iron filings and peelings from 
the coating on the armature. The armatures of loud speakers 
are usually given a protective coating to prevent the formation of 
rust. In time, especially if the motor temperature becomes high, 
this coating has a tendency to peel, and the small flakes lodge 
between the armature and the pole pieces. This is the equiv- 
alent of reducing the armature spacing, with the result that the 
armature motion is reduced and the output is weakened and dis- 
torted. This foreign matter is best removed by working small 
strips of heavy paper or strips of thin copper or brass back and 
forth between the armature and pole pieces. Every time the . 
paper or metal is removed, clean it off before reinserting. The 
spacer tools already described may also be used for this pur- 
pose. In many instances, recentering of the armature is neces- 
sary after cleaning. It is also a good idea to rub some light ; 
mineral oil over the armature to prevent the formation of rust 
after peeling has occurred. 

26-23. Repairing the Cones of Magnetic Speakers . — Very 
often, the paper cone is damaged sufdciently to cause distortion or S 
paper rattle, but not enough to make its replacement necessary; 
Small holes or tears in the paper may be repaired by cementing ! 
a small piece of paper over them, using Du Pont Household;^ 
Cement, rubber cement, etc. Opened seams may be repaired! 
by coating both surfaces with cement and holding them tightly : 
together imtil the cement sets. 

If a cone has lost its “body’' or stiffness at the apex, Dupont 
Household Cement, or a collodion solution (which may be pur- 
chased at any drug store) should be soaked into it and allowed 
to harden. This will stiffen the paper and make it as good as 
new. 

26-24. Replacing and Seating Cones. — An improperly 
seated cone will cause a strain to be put on the driving rod, 
r^ulting in poor reproduction. This is very likely to occur when 
replacing a cone. If a cone is to be replaced^ extreme care 
should he exercised in its removal and in the installation of the 
new one. The screw or nut in the apex of the cone should be 
removed carefully, after first removing any sealing wax which 
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may have been used to prevent it from loosening. The 
screws fastening the edge of the cone should be removed next. 

If the speaker has a nut on the side of the cone near the 
thrust lever, it should be loosened (the nut screwed back) and 
the new cone seated. The nut or screw and washer on the out- 
side of the driving rod should then be attached loosely. The 
holes at the edge of the cone should now be lined up with those 
of the metal frame, the outside ring put in place with the screws, 
and tightened one at a time (and a little at a time) to be sure 
that the entire periphery of the cone has the same tension. 
The back nut on the driving rod (if there is one) should then be 
screwed up until it just meets the apex of the cone. The front 
nut or screw is then tightened and a bit of sealing wax is placed 
over it to prevent the vibration from loosening it, for, if it loosens, 
considerable buzzing and rattling will result. 

26-25. Tightening the Thrust Lever and Driving Rod. — 
Rattling and noisy reception are often caused by a loose thrust 
lever, see Fig. 26-12. The remedy for this is simply to tighten 
the screw that holds it to the motor assembly. Any loose screw 
or nut will cause an audible rattle when the speaker operates. 
Be certain that all parts are thoroughly secure, that all screws and 
nuts are tight, and that the cone is properly seated. A cone that 
is not properly seated may cause the drive pin to bend and dis- 
place the armature. It is best, therefore, to inspect the entire 
assembly before actually beginning to center the armature, if 
it appears to be displaced from its center position. 

The drive pin is soldered to the iron armature with (hard) 
silver solder (see Fig. 26-12) . Do not use the ordinary tin-lead 
alloy (soft) solder when this connection must be resoldered, as 
it is too weak mechanically. Silver solder may be procured in 
any jewelry store, and must be applied with a flame of high 
temperature. A special small blow torch is usually used for 
this work. 

26-26. Dynamic Loud Speakers. — By far the most com^ 
monly used type of loud speaker, and the type which the service 
man is called upon to service most frequently, is the dynamic 
or moving coil speaker. In this type, the magnetic excitation 
of the field ia secured usually by the use of an electromagnet 
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instead of a permanent magnet, and motion is secured by the 
interaction of this magnetic field and that of the voice coU 
through which the audio signal currents flow. The internal ar- 
rangement of the various parts of a typical dynamic speaker are 
shown in Fig. 26-13. Common trouble symptoms which develop 
in this type of speaker are: 

1. Weak, or no reproduction 

2. Rattling 

3. Chattering 

4. Harshness 

5. Fuzzy reproduction 

6. Hum 

These troubles and their remedies will now be considered in 
detail. The first thing to do in any case is to make electrical tests 
on all the electrical parts of the speaker, especially if weak or 
no reproduction is obtained. 

26-27. Electrical Tests on Dynamic Speaker Cable. — ^If 
it is definitely established that the loud speaker is faulty, the 
wires of the speaker cable should be tested first, for continuity 
and short circuits (see Art. 26-16) . (For an explanation of the 
standard RMA Color Codes for d 3 mamic loudspeaker cables, see 
the RMA Standard Color Code section in the author's 
Radio, Trouble-Shooter^ s Handbook), The cable will contain 
two wires leading to the fi.eld coil (three wires if the field 
is tapped) and two or three wire leading to the primary of 
the output transformer (depending upon whether single, or 
push-pull output tubes are employed) . Continuity and resistance 
tests must be made across paired leads, i.e., across the two or 
three leads going to the field coil, across the leads going to the 
output transformer primary, etc. If the cable leads are found 
to be in good condition, it is fairly certain that the trouble lies 
somewhere in the speaker itself. 

26-28. Trouble in the Dynamic Speaker Field Coil. — ^If 
the speaker cable tests O.K. and it has been definitely decided 
that the trouble lies in the speaker^ the field winding should be 
tested for continuity and grounds at once. If it is foimd to be 
open, it should be replaced or rewound. When a replacement 
cannot be made, the amount of wire to be rewound may be 
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determined as follows: Remove the faulty coil intact from the 
core of the unit and strip all tape and other binders from it, 
only the actual wire coil should he left. The size of wire em- 
ployed may now be determined with a wire gauge and the type 
of insulation noted. The field coil is then weighed. Purchase 
the same weight and size of wire with the same type of insula- 
tion, and rewind the coil. A winding form should be made for 
this purpose, and removed after the coil is completed. The de- 
tails of the winding form are 
somewhat the same as for the 
magnetizing coil form illus- 
trated at (A) of Fig^. 26-11. 

If the continuity test in- 
dicates that the field has a 
definite value of resistance, 
this value should be cheched 
with information (usually 
available in Service Manuals) 
for the particular receiver and 
speaker in question. If the 
resistance is over 10 per cent 
less than the rated value, it is 
possible that a partial short- 
circuit exists in it. In this 
case, the coil should also be 
rewound or replaced. A re- 
sistance reading much higher 
than the rated resistance in- 
dicates a high-resistance con- 
tact at a soldered connection. 

If the field coil tests satis- 
factory, turn the set on and 
hold a screw driver as near to the pole piece as possible (how near 
the screw driver can be placed depends upon the design of the 
speaker). The screw driver should be attracted strongly to it. 
If it is not, the current flowing through the field coil is less than 
normal. The next step depends upon the arrangement employed 
for obtaining the field current. If the speaker field is employed 
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Fig. 26-13. — ^A cross-section 
view of a ts^pical dynamic 
speaker with the field shown cut 
open to illustrate the arrange- 
ment of the field coil, field core, 
moving coil, cone and frame. 
The input transformer and high 
note filter (if one is used) are 
shown at the bottom. 
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as a choke in the B filter system of the receiver, it is possible 
that one or more of the filter condensers are leaky, placing an 
additional load on the rectifier, and robbing the speaker field of 
some of its energizing current. Of course, such condensers should 
be replaced. If the speaker contains its own rectifier of the 
dry-disc or vacuum-tube type, it is possible that this rectifier 
needs replacement, or the filter condenser (if one is used) across 
it is leaky and should be replaced. 

26-29. Troubles in Dry-Disc Rectifier Type Field Supply 
Arrangements. — ^In order to trace trouble in the field coil cir- 
cuits of dynamic speakers, it is important to be familiar with the 
various common field supply arrangements which are employed. 



re;ceiver 


Fig. 26-14. — One arrangement for supplying low-voltage recti- 
fied current from the 110-volt a-c line for energizing the field of a 
dynamic speaker. A step-down transformer and low-voltage type 
copper-oxide rectifier are used. A “hum-bucking** coil H reduces the 
line hum. 

for some troubles are traceable directly to this portion, of the 
speaker or receiver. 

In the earlier types of a-c dynamic speakers employed in 
radio receivers, the d-c fi.eld current is obtained from the 110-volt 
a-c line by feeding the a-c to a step-down transformer whose 
low-voltage secondary is connected to a copper-oxide full-wave 
rectifier which changes the a-c to full-wave rectified d-c. This 
d-c is fed to the speaker field, which in this case is a low- 
voltage type field composed of fairly thick wire. This arrange- 
ment is shown in Tig. 26-14. In some cases, the current is 
smoothed by a low-voltage type dry electrolytic condenser of 
about lyfiOO mfd. capacity connected directly across the rectifier 
ou%)tit as shown by the dotted lines. The hum-bucking coil 
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which is shown in place on this speaker will be explained later. 

In some a-c dynamic speakers the circuit arrangement shown 
in Fig. 26-15 is employed for obtaining field current. A field 
coil requiring slightly less than 110 volts d~c for its operation 
is employed. This energizing voltage is supplied by a pair of 
110-volt dry-disc rectifiers suitably connected to form a full- 
wave rectifier arrangement, as shown. 

When these dry-disc rectifiers have completed their useful 
life, the current through them diminishes and the units must be 
replaced in order to secure the proper and original speaker field 
current and magnetic strength. A certain amount of hum is 
always present in these speakers, but faulty rectifier ^^stacks’^ 
will cause an abnormal amount of hum to be heard. Breaking 



RECEIVER 

Fig. 26-16- — ^A high-voltage type dry-disc rectifier arrangement 
for rectifying the a-c voltage from the line so that d-c may be sup- 
plied to the speaker field. A “shading^' ring S is used to prevent line 
hum. 

down of the rectifier in the speaker of Fig. 26-14 will overload the 
step-down transformer — ^which may eventually cause either the 
primary or secondary winding to bum out. In the speakers em- 
ploying 110-volt dry-disc rectifiers (Fig. 26-15) partial short-cir- 
cuiting of the rectifier discs will often cause the line fuse to blow. 
In this type of speaker, the condition of the rectifier stacks may 
be checked by measuring the d-e resistance of each section with 
an ohmmeter (with the line and field disconnected) , or by meas- 
uring the d-c voltage output of the rectifiers with the field coil 
disconnected. The latter test should give a reading of approx- 
imately 105 to 120 volts; this reading dropping to some value be- 
tween 90 and 100 volts as soon as the field is reconnected (since 
it puts a load on the rectifier) . 
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26-30. Troubles in V,T. Rectifier Type Field Supply Ar- 
rangements. — ^In some dynamic speakers, a self-contained 
vacuum tube rectifier arrangement is employed to change the 
110-volt a-c line current to d-c current for the field coil supply. 
This arrangement, shown in Fig. 26-16, consists of a power trans- 
former feeding into a full wave rectifier tube in the usual man- 
ner. The output current of the rectifier is filtered by the filter 
condenser, F, and the inductance of the speaker field winding 
through which it flows. Of course, when the rectifier tube has 
served its useful life, its output will diminish. This will cause 
the speaker field strength to dimmish, with resulting weak and 
distorted reproduction. Obviously, the remedy lies in replacing 
the rectifier tube. 

26-31. Troubles when Speaker Field is Employed as Fil- 
ter Choke. — ^The most commonly found dynamic speaker field 
arrangement is that in which the power required for energizing 
the speaker field is taken from the B supply system of the re- 
ceiver. Economy is secured by this arrangement, for the 
speaker field also acts as a very effective choke in the B-filter 



Fig. 26-16. — ^Here a power transforiner and full-wave vaciiiim 
tube rectifier operating from the 110-volt a-c line are used to change 
the a-c to d-c for the field coil of the dynamic speaker. A shading 
rmg S prevents line hum. 

system. Two arrangements of this kind are illustrated in Fig. 
26-17. At (A) , the speaker field is connected in one leg of the B 
supply circuit, so that the total B current flows through it. At 
(F), a tapped field is employed, and it is connected in the B- 
retum side of the filter system (see also, Figs. 20-9 and 20-10 in 
Gh^ter XX) so that it serves both as a choke and as a source 
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of grid-bias voltage for the output tubes in the receiver. The 
strength of magnetization of the speaker field in both cases de- 
pends upon the load current flowing through it. It is evident 
that in these two arrangements, the speaker field current will be 
affected by almost any abnormal receiver circuit condition which 
tends to affect the total B current. Among these may be men- 
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Fig. 26-17. — ^Two circuit arrangements which are employed in 
radio receivers for energizing the dynamic speaker field with current 
from the B power supply unit. At (A) the speaker field acts simply 
as a choke; at (J5) the speaker field is tapped so that it not only acts 
as a choke hut also supplies the negative grid bias for the output 
stage of the receiver. 

tioned, leaky or broken-down filter condensers, a weak rectifier 
tube, weak amplifier tubes in the receiver, leaky plate or screen 
by-pass condensers in the receiver, etc. 

In receivers designed for 110-volt d-c operation, the field of 
the dynamic speaker usually obtains its current direct from the 
line, 

26-32. How Hum Originates in Dynamic Speakers. — 
VFhenever objectionable hum which has definitely been traced to 
the dynamic speaker is observed, it is caused either by a poorly 
filtered field current or by a faulty hum-bucking coil. 

Whether the fault lies in the speaker, or in the receiver circuit 
proper, can be determined easily by removing the output tube 
(or tubes), from the receiver while the receiver is turned on, so 
that no signal is fed to the voice coil. If the hum disappears, 
or greatly diminishes, it is caused by some trouble in the receiver 
(see Arts. 23-18, 23-19 and 23-20). If the hum persists when 
this is done, it must be originating from the field portion of 
the speaker. 

The field coil is excited by a supposedly-smooth d-c current 
which is obtained from a filter system. The various common 
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field-supply arrangements employed in receivers were discussed 
in Arts. 26-28 to 26-31 inclusive, and are illustrated in 
Figs. 26-14, 26-15, 26-16 and 26-17. As absolutely perfect filter- 
ing is not provided (for reasons of filter economy) , the field cur- 
rent is never exactly smooth but contains ripples or variations ? 
of either half or the same frequency as that of the power supply, i 
depending upon the type of rectifier system employed. Unless | 
the speaker is provided with special features to greatly reduce 
the effect of these slight variations in the field current and field 
magnetism, the resulting variations in the magnetic fi.eld react 
on the voice coil, inducing voltages and currents of the same 
frequency in its circuit. This causes motion of the coil, at this 
same frequency, and hence causes a low-frequency (either 60 
or 120-cycle) hum to be produced by the speaker. This hum 
may be drowned out when a musical program is being received, 
but it may be extremely annoying when receiving weak stations, 
speech, or in the lull between station announcements. 

26-33. Hum-Elimination Provisions in Dynamic Speakers. 
— ^In many dynamic speakers, a hum-reducing arrangement is 
already built into the speaker. These hum reducers are of two 
types, one is an arrangement which bucks out the hum voltage 
induced in the voice coil, the other prevents it from being induced 
there. The hum-bucking arrangement is illustrated in the speaker 
of Fig. 26-14. A flat hum-bulking coil, H, consisting of several 
turns of wire is placed in a space provided for it, usually at the 
end of the field coil. Naturally, a hum voltage, similar to that 
induced in the voice coil, will be induced in this hum-bucking 
coil. The design of the coil and its position in the speaker are 
carefully arranged to make the hum voltage induced in it ex- 
actly equal to that induced in the voice coil. Therefore, by 
connecting ^t in series with the voice coil circuit, as shown, so 
that the instantaneous hum voltage polarities of the two coils 
buck each other, the two hum voltages will cancel each other, 
Mid no hum current will flow in the voice coil circuit. Hence no 
hum is produced. However, there is no effect on the signal 
audio-frequency currents. This arrangement effectively min- 
imizes" the hum. 

The other hum-prevention arrangement consists of a thick- 
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copper disc, S, placed between the voice coil and the field coil 
as shown in the speakers of Figs. 26-15 and 26-16* This acts as a 
single-turn coil of extremely low resistance in which strong '^eddy 
currents” are induced by any fluctuations of the field magnetism. 
These eddy currents react on the main field, tending to oppose 
and suppress any such fluctuations, thereby preventing them 
from existing and preventing them from inducing any hum volt- 
age in the voice coil. This disc is often called the shading ring. 
This very simple arrangement is widely used, and is very 
effective. 

26-34. Eliminating Excessive Hum in Dynamic Speakers. 
— Speakers in which the shading ring is used are not sub- 
ject to as much hum trouble as those in which the hum-bucking 
coil arrangement is employed. The hum-bucking coil, or the 
connecting leads to it, may open, short-circuit, or ground. If the 
hum-bucking coil circuit opens, the entire voice coil circuit be- 
comes open (since they are in series with each other) and the 
receiver becomes inoperative. If it short-circuits, its bucking 
effect ceases, and a very noticeable hum results, especially when 
the receiver is turned on but no program is being received. When 
a program is being received, the output will also be somewhat dis- 
torted because of the resulting mismatching between the im- 
pedance of the output transformer secondary and that of the 
voice coil plus the hum-bucking coil. 

If the hum-bucking coil groimds to the speaker core or frame 
in any way, it may or may not cause trouble, depending upon 
whether the voice coil circuit of the speaker is already groimded 
to the speaker frame. In some receivers (as in the Atwater 
Kent sets) the voice coil is purposely grounded to the speaker 
housing. Naturally, if the hum-bucking coil in such speakers 
grounds, it may result in objectionable hum (if part or all of 
this coil is thereby shorted and made ineffective) , or it may re- 
sult in shorting the voice coil circuit, thereby making the set 
inoperative. What happens in any particular case depends 
upon which end of the hum-bucking coil grounds and which end 
of the voice coil is already grounded. 

Tests for grounds, open-circuits, or short-circuits in the hum- 
bucking coil can be made very easily by means of an obmmeter. 
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Occasionally, hum is caused in a dynamic speaker by the 
induction of hum currents into the windings of the output trans- 
former which is mounted directly on the speaker frame. This 
trouble is rare, for speaker manufacturers are careful to mount 
the output transformers where stray fields from the speaker will 
not affect them. However, it is mentioned here because it is 
usually overlooked as a possible source of speaker hum. 

Although most dynamic speakers in recent models of receivers 
have some effective hum-reducing arrangement incorporated in 
them, the service man is often called upon to service some of the 



Fig. 26-18. — How a 
‘‘hum-bucking^’ potentio- 
meter can be installed to 
introduce a hum-bucking 
voltage into the voice coil 
circuit of an old dynamic 
speaker not equipped with 
any hum reducing ar- 
rangement. T is the 
power transformer already 
in the receiver. 


early electric receivers in which no such provisions for hum 
reduction were incorporated. These receivers are notorious for 
their objectionable hum. While it is not practical to install hum- 
bueking windings or shading rings in them, because of lack of 
space, etc., a simple external arrangement can be applied for 
accomplishing this result. This is illustrated in Fig. 26-18. A 
potentiometer having a resistance of approximately 20 ohms is 
eonnected across one of the low- voltage filament windings of 
the power transformer, T, in the receiver; a 2%-volt winding 
is satisfactory. Either one of the leads which connect the voice 
coil to the secondary of the output transformer is now discon- 
nected at the voice coil terminal. This lead is then connected 
to a fixed tap made to the center of the resistance element of the 
potentiometer. This tap should be made in a way which does 
not interfere with the movement of the contact arm past it. 
The contact arm terminal of the potentiometer is then connected 
to the open terminal of the voice coil. By means of this ar- 
r^igement, a small a-c voltage from the filament winding is fed 
in series with the voice coil circuit in a phase opposite to the 
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hum voltage being induced in it by the speaker field. By mov- 
ing the arm of the potentiometer to either side of the center tap, 
the proper phase relation for bucking may be secured; by ad- 
justing its setting on the side at which proper bucking is ob- 
tained, the exact amount of bucking voltage necessary to bal- 
ance out the hum voltage in the voice coil can be secured. 

Incidentally, this same arrangement can often be employed 
for bucking out hum voltages induced in other parts of radio 
receivers. In such cases, it is usually necessary to employ a 
filament winding which is not being used in the receiver, so that 
the circuit conditions will not be disturbed. If a spare winding 
is not available, a small filament-heating transformer, or even 
a small bell-ringing transformer, may be employed to supply 
the hum-bucking voltage. 

26-35. Electrical Troubles in Voice Coils and Output 
Transformers. — ^If the electrical tests already described indicate 
that the field coil and the hum-bucking coil (if one is used) 
are not faulty, the voice coil and output transformer should be 
tested next. In most dynamic speakers, the output transformer 
is mounted directly on the speaker frame. The voice coil 
should be disconnected from the output transformer secondary 
before testing. Then the voice coil and the output transformer 
secondary winding should be tested separately with an ohm- 
meter for continuity. The voice coil may be open internally, or 
at the flexible leads. Remember that if a hum-bucking coil is 
employed, its continuity must also be checked, since it is in 
series with the voice coil. 

If the continuity of the voice coil checks satisfactorily, it 
should be tested for possible short-circuits between its turns, 
or between its ends (especially if they cross over each other), 
by measuring its resistance with the low-resistance range of an 
ohmmeter. The resistance reading obtained will be very low, 
and it should be compared with the normal resistance specified 
on the manufacturer's data sheet for the receiver. In the case 
of a speaker employing a single-turn voice coil, the resistance 
is so low that it cannot be measured reliably with an ohmmeter. 
Careful visual inspection must be resorted to in order to locate 
^'shorts*' which may occur between the ends of such windings. 
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Both the voice coil and the output transformer secondary 
should now be tested for grounds to the frame. Keep in mind 
that some voice coil circuits are purposely grounded (as in 
Atwater Kent receivers, etc.). It is well to carefully move 
the speaker cone in and out with the fingers while the voice 
coil is being tested for grounds, since a ground may occur only 
at certain positions of the cone due to rubbing of the voice coil 
against the pole piece. The repair of faulty voice coils will be 
considered in Art. 26-39. This completes all of the electrical 
tests which may be made on dynamic speakers. Any other 
troubles will be of a mechanical nature. In fact, the majority of 
troubles which arise in dynamic speakers really are mechan- 
ical troubles occurring in the cone, voice coil, or spider. 

26-36. Cone, Voice Coil and Spider Troubles. — ^The cone, 
C, is fastened at its outside edge to a flexible leather or cloth 



Fig. 26-19. — Correct 
method of holding the 
speaker frame and 
cone to determine if 
the voice coil scrapes 
against the pole 
pieces. The cone is 
gently moved straight 
in and out with the 
thumbs of both hands. 
If a dull scraping 
sound is heard when 
this is done, it indi- 
cates that the voice 
coil is not properly 
centered and is rub- 
bing against the metal 
pole piece. The main 
parts of the cone as- 
sembly are labeled. 

Courtesy Atwater Kent 

ring, R, which in turn is clamped to the speaker frame, F, as 
shown in Fig. 26-19. At its apex, the cone is cemented to the 
circular voice-coil form. This form and the voice coil wound 
on it, travel back' and forth in the small annular air gap sur- 
rounding the round pole-piece of the field. In most cases, the 
ecare is kept aligned to the exact center position by a flexible 
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spider support which is fastened to it either at the inside of its 
small end (later speakers) or around the outside of the outer 
end of the voice coil form (older speakers). The spider per- 
mits more or less unrestricted straight-line movement of the 
voice coil along the axis of the main pole-piece. 

The common causes which are responsible for most dynamic 
speaker mechanical troubles are: 

I. The voice coil may be off center and rubbing against 
the sides of the pole pieces. 

The voice coil form may be warped out of roimd, result- 
ing in its rubbing against the pole pieces. 

S. The voice coil wires may be loose from the coil form and 
scraping against the outer pole piece. 

4- The cone or spider may become warped, causing the 
voice coil to be off-center and scraping. 

5, A seam on the cone may loosen, the spider may loosen 
from the cone where it is cemented, the voice coil wire 
leads may come loose from the side of the cone to which 
they are cemented. These troubles all cause “rattling’^ 

6, Chattering may result from broken spiders or spiders 
which are not stiff enough, and from cones which come 
loose at the outer edge where they are clamped by the 
metal ring. 

7, Hattling may occur due to a loose spider screw, or other 
loose screws in the speaker. 

These troubles and the remedies for them will now be con- 
sidered in detail. 

26-37- Recentering Voice Coils. — ^The circular form on 
which the voice coil is wound fits into the circular air gap with 
a very small clearance, and should be centered in it perfectly 
so that it does not touch the metal poles at any point. If the 
coil is not properly centered, the wire of which it is wound rubs 
against the pole pieces. If the friction is sufficient, the insula- 
tion of the wire wears away and short-circuits occur between 
the various turns, at the scraped surface. Then too, the output 
may be distorted because of the enforced limited movement of 
the coil caused by the excessive friction. There are two types 
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of voice coil centering arrangements: those in which either an 
internal or external spider is employed (see Fig. 26-19 for in- 
ternal type), and those in which waxed string suspensions are 
used. The former is the most common, and the centering of 
voice coils in speakers employing it will be considered first. 

To find out whether the voice coil needs recentering or not, 
the cone and frame assembly should be grasped in both hands 
exactly as illustrated in Fig. 26-19. The cone should be moved 
straight in and out by pushing gently with both thumbs. If a 
dull scraping or scratching sound is heard, it indicates that the 
coil is off center and is rubbing against the pole piece; conse- 
quently, recentering is necessary. Care should be taken not 
to push the cone assembly to one side when doing this, for it 
is possible to throw the entire assembly off center so that the 
voice coil scrapes if the cone is pushed on one side only. 

Another method for determining whether the voice coil needs 
recentering is to connect the loud speaker to the receiver and 
tune in a steady signal of low pitch. An excellent low-pitched 
sound may also be obtained by disconnecting one or more of 
the filter condensers in the receiver, and allowing the speaker 
to reproduce the resulting hum. If the receiver is inoperative, the 
primary of the’ speaker output transformer may be disconnected 
from the receiver and connected to a 110-volt a-c line, in order 
to produce the hum. With the hum as loud as possible, run 
the thumb aroxmd the edge of the spider] press firmly and 
listen carefully. The qicality of the hum should be the same 
for all positions of the thumb. If it is not, the cone must be 
recentered. 

In order to recenter the voice coil, it is necessairy to make 
the spacing between the voice coil and the pole pieces the same 
at every point. To do this, loosen the screw which passes 
through the center of the spider and screws into the center 
core-leg of the field. Now insert three narrow, thin cardboard 
or paper shims, H, of proper thickness in the cut-outs in the 
spider (see Fig. 26-20), so that they fit in between the voice 
coil and the center core-leg. This forces the voice coil to take 
a centered position in the air gap. Now tighten the center 
^screw, so as to clamp the spider in this correct position. At 
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this point, it is well to make sure that the screws in the core- 
clamping ring at the top are tight. Then remove the shims. 

The method of recentering just described is what might 
be called the static method, since no signal is applied and 
the cone is at rest while it is being recentered. Some service men 
prefer the dynamic method. The dynamic method of recenter- 
ing is to reproduce 
the low-frequency 
hum of the un- 
filtered power sup- 
ply, loosen the spi- 
der centering screw, 
insert the shims, 
and, with the hum 
coming in strongly, 
tighten the center- 
ing screw and re- 
move the shims. 

Some speakers 
have their* spiders at 
the rear of the cone 
instead of in front. 

These spiders have 
no centering screw, 
as the spider arms 
are fastened to the 
frame of the speaker 
by screws. In other 
words, the center of 
the spider is fastened 
to the cone, and to 
the voice coil, while 
its individual arms 
are fastened to the frame of the speaker by screws. The 
process of centering such cones is the same as for the cen- 
ter-screw spider type, except that three or four screws or nuts 
must be loosened and tightened instead of one. Since these 
screws are behind the cone, it is usually difficult to get at 


CourtBsy Atwater JSent 

Fig. 26-20. — Here the voice-coil centering 
shims, H, are shown in place in the air gap 
while the spider set-screw C is being loos- 
ened to allow the voice coil, spider, S, and 
cone to assume a ‘^centered” position. 
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them and an off-set screwdriver or wrench must usually be em- 
ployed. The centering shims should be placed at three equally- 
spaced points 120 degrees apart. 

Instead of using a spider to center the voice coil, a few 
speakers use three thin, waxed strings stretched radially from 
the voice coil and separated evenly — by 120" arcs. The far 
ends of these strings fasten to thumb screws which may be 
tightened or loosened at will. The recentering of these cones 
is accomplished by using shims in the customary manner and 
then tightening or loosening the thumb screws to secure the 
proper position of the voice coil. 

The shims used for recentering voice coils should be about 
i^-inch wide and 2 inches long. Suitable shims may be made 
by cutting strips from an ordinary calling card or other thin 
cardboard, or from stiff paper. Since the air gaps employed 
in dynamic speakers vary to some extent, the serviceman will 
find that three or four shims each of the following thicknesses 
0.125, 0.01, 0.0075 and 0,005 inches will take care of all 
speakers. All the shims of each thickness should be marked 
so they can be identified easily. 

After a voice coil has been recentered carefully by one of 
the foregoing methods, it should be checked by the method of 
Tig. 26-19 to find out if it is properly centered. By listening 
carefully, and by the '‘feeT^ of the thumbs, it will be possible 
to determine if the coil still scrapes. 

26-38. Recentering Voice Coil When Cone or Spider is 
Slightly Warped. — ^If the voice coil still continues to scrape 
after it has been recentered by one of the methods explained 
in Art. 26-37, it is possible that the cone is slightly warped, or 
that the leather supporting ring is placing an uneven tension 
on the cone edges because it is unevenly stretched. It is some- 
times possible to correct this trouble by first loosening the 
spider screw (or screws) and placing the centering shims in 
place. Then loosen all screws around the cone-clamping ring. 
NTow tighten them until they just begin to clamp. Then turn 
any one screw a full turn. Now turn the screw diametrically 
opposite to it, a full turn, and then turn one of the screws half 
way between these two, a full turn. Next turn the one dia- 
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metrically opposite to this one, a full turn. Continue this imtil 
all the screws have been turned one full turn. Then repeat the 
operation, in this same order, until all of the screws are tight. 
In this way the outer edge of the cone will be clamped down 
evenly all around, and an even tension will be placed around 
the entire cone edge. Now tighten the spider screw (or screws) 
and remove the shims. 

The cone and voice coil should now be tested for centering 
(see last paragraph of Art. 26-37). If the voice coil still scrapes, 
it is likely that the spider is warped (inspect it carefully; norm- 
ally it should be perfectly flat), the cone is warped out of 
shape, or the form on which the voice coil is wound is warped 
so that it is no longer round. If this is the case, it is usually 
advisable to replace the entire cone, spider, and voice coil as- 
sembly with a new one, for repair of these parts is usually a 
tedious, time-consuming job which calls for considerable mech- 
anical skill- However, if these parts must be repaired, either 
because of emergency or because the owner insists upon repair, 
the work may be done by the service man. 

26-39. Repairing the Voice Coil. — The first step when 
making almost any repair on the cone, voice coil, or spider is 
to remove the entire cone and voice coil assembly. Every step 
should be performed carefully so as not to damage either the 
cone or the voice coil form or winding. The speaker should be 
laid on its back with the cone pointing straight up. First the 
screws should be removed from the ring which clamps the outer 
rim of the cone to the frame. In many of the recent loud 
speakers, the cone is cemented to the rim. In order to remove 
this cement (it cannot be removed with water or ordinary 
solvents), the cemented portion should be saturated with ^ ^lac- 
quer thinner’^ which can be purchased at any paint store. When 
the cement dissolves (it usually requires 5 to 10 minutes), the 
edge of the cone may be freed. Then the voice coil leads 
should be disconnected, and the spider set-screw (or screws) 
removed. The cone should now be lifted from the speaker 
frame carefully so as not to damage either the voice coil or 
the cone. 

The voice coil should now be examined carefully. If the 
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form is out of round, it may be repaired by inserting a round, tap- 
ered cork of the proper size into its open end— exactly as you 
would in the neck of a bottle. Do not stretch the coil form — 
just push the cork in snugly enough to fill the coil-form dia- 
meter. Now test for perfect roundness by means of a pair of 
calipers. Alter the position of the cork a little here and there, 
as requirements dictate, in order to make the coil form round. 
Now coat the coil with a very thin solution of a good grade 
of collodion or cement that will not warp the coil when it dries. 
No lumps or thick spots of cement should be left on the coil, 
for they will prevent its insertion into the small air gap later. 
While you are at it, it is a good’ plan to re-:cement all the seams 
in the cone, and the cemented parts of the spider. This will 
strengthen them and repair any seam which contains cracked 
cement that is not visible. After at least 1 hour (when all the 
cement is thoroughly dry) , remove the cork from the voice coil 
form, test again for roundness, and install the cone. It should be 
recentered with shims (Art. 26-37), and the spider set-screws 
tightened. The outer rim should then be re-cemented, the ring 
put back in place, and the shims removed after the job is com- 
plete. The voice coil leads should now be connected properly, 
and the speaker tested (see Fig. 26-19) . 

Very often, an inspection of the voice coil (after the cone 
has been removed from the speaker) will reveal that the voice 
coil winding has become loose. This will cause a peculiar buzz 
or a rapid rattle. It may have rubbed against the pole piece 
and scraped some of the enamel insulation off its outside sur- 
face. If the damage is slight it may be repaired by scraping 
the burrs off the copper wire with a sharp penknife, and then 
coating the surface of the scraped wire with a thin varnish or 
household cement. However, if the damage is serious, the cone 
and voice coil should be replaced with a new one. 

26-40. Repairing the Spider. — It is possible for the spider 
to warp and become out of true. If this happens, it is prac- 
tically impossible to properly center a voice coil. In other cases, 
llie spider causes chattering, rasping, or high-pitched reproduc- 
tion. Spiders that are not stiff enough will also cause chatter- 
ing. A new spider (or a spider, voice coil, and cone assembly) 
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should be installed, but if one is not available, another may be 
cut from thin sheet bakelite or fibre having the proper degree 
of flexibility. In order to do this, remove the cone-spider assem- 
bly (see Art. 26-39) and place it cone-up, on a table. With 
a good grade of solvent (lacquer thinner will do), remove the 
cement that holds the spider to the cone. In some speakers 
the spider is cemented to the cone at the back of the speaker, 
in which case the cone should be placed with the large-dia- 
meter end on the table. When the solvent has loosened the 
cement, carefully remove the spider from the cone with the aid 
of a safety-razor blade; 

Remove the voice coil from the spider in a similar manner. 
Now, using the old spider as a template, cut out a new spider 
from the thin bakelite or fibre. A simple expedient is to 
cut out the old spider with a razor blade, leaving a ^-ineh 
flange of this spider remaining stuck to the cone. Then, using 
this spider as a template, cut out a new spider from a dis- 
carded cone whose diameter is about %-inch larger than the 
opening it is to cover. Cement the new spider to the V^-inch 
flange, and allow it to dry. The voice coil is then recentered 
in the usual manner. 

An annoying rattle very often develops due to excessive 
vibration of one of the legs of the spider. The guilty member 
may be located by placing the finger lightly on each leg in 
turn until the rattle stops when one is touched. A thin piece 
of leather or felt is then glued over this leg to dampen its vibra- 
tion. 

26-41. Eliminating Paper Rattle. — Although the voice coil 
and spider may be in good condition, a high-pitched rattle 
may be heard — a rattle that soxmds more like the rustle 
of leaves than a metallic noise. This is due to some 
section of the cone proper vibrating in an abnormal manner. 
The most frequent cause of this paper rattle is a faulty seam 
in the cone. The edges of this seam must be stuck together 
tightly from end to end; any opening will cause paper rattle. 
It is usually best to open the entire seam with a good grade 
of solvent and re-cement the entire length. The stiffness of the 
entire seam will then be uniform throughout its length. 
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Paper rattle can also be caused by a tear in the cone itself* 
The best procedure here is to cement the seam only, if the tear 
is slight and the edges overlap* Under any other conditions, the 
cone must be replaced, as the paper rattle will be particularly 
bothersome because of the vibration of the edges. Thin strips 
of paper cemented on both sides of the cone to cover the seam 
can be resorted to in some cases, though it is not particularly 
recommended if the tear is very large, because the stiffness of the 
cone is then changed and the quality of the reproduction impaired. 

26-42. Repair of Leather Suspension Ring. — ^In most dy- 
namic speakers, the outside edge of the* cone is cemented to a 
flexible chamois, leather, or cloth suspension ring for support. This 
is in turn clamped to the frame of the speaker. If leather is used, 
it has a tendency to dry out and harden in time. This results 
either in a ^Tuzzy” sort of sound similar to paper rattle, or, poor 
low-frequency reproduction results. Often, it dries out and har- 
dens unevenly at certain spots, resulting in poor reproduction. 
It is often possible to soften a stiff leather cone-edge by care- 
fully applying and rubbing in a small quantity of mineral oil 
or a good leather dressing such as Neatsfoot oil. When this does 
not soften it sufficiently, or when the leather or cloth ring is 
worn or cracked, the entire cone and voice-coil assembly should 
be replaced. 

In the event that the leather or cloth ring loses its *^body^^ 
and becomes flabby, insufficient support is given to the cone 
and it may work out of alignment, and cause rattling. In this 
case^ the entire assembly should be replaced. 

The ring which clamps the leather cone edge to the frame 
of the speaker should always be screwed down tightly, for, if it 
loosens, rattling will result. It is often necessary to insert paper 
or cardboard ring washers between here in order to prevent 
rattling. 

26-43. Removing Iron and Dust Particles from Air Gap. 
— The presence of small iron and dust particles in the gap be- 
tween the voice-coil form and the central pole-piece frequently 
causes *Vaspy'^ and ^Vattly*' reproduction. In some cases, this 
may be eliminated by placing the speaker in an inverted position 
and gently moving the cone backward and forward, so that these 
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particles may fall out. Usually, however, it will be necessary 
to dismantle the speaker and wipe the voice coil and pole piece 
clean with a wad of soft cloth. Speakers of recent manufacture 
are constructed with the air gap entirely enclosed so that iron 
particles and other foreign matter cannot enter it. 

26-44. Repair of Permanent-Magnet T 3 rpe D 3 mamic 
Speakers. — ^While most dynamic speakers employ an electro- 
magnet for supplying the field magnetism, this type of speaker 
is also constructed with a permanent magnet field — ^the usual 
movable voice coil, spider and cone construction being retained. 
All of the troubles, and their remedies, which have already been 
described for the voice coils, spiders and cones of electromagnet 
type dynamic speakers hold for these imits also. The only 
trouble experienced with the permanent magnets is that of loss 
of magnetic strength. These may be remagnetized (see Art. 
26-18) by the service man, but it is preferable to have them 
remagnetized strongly by an automobile ignition repair shop 
which possesses a large electromagnet for remagnetizing the mag- 
nets of magnetos. 

26-45. Repair of Condenser-Type Lroud Speakers. — ^An-* 
other form of loud speaker which was employed in at least one 
make of receiver in the United States several years ago (the 
Peerless receivers which were made by the United Reproducers 
Corp.) is the electrostatic or condenser type speaker (for details 
of its construction and operation see Ghirardi’s Badio Physics 
Course) . The construction of this type of speaker is extremely 
simple. Each section consists of a stationary plate of perforated 
metal and a movable plate consisting of a thin tinfoil sheet ap- 
proximately 0.0001 inch thick. Between these, and stuck to the 
movable tinfoil sheet, is a thin insulating sheet of rubber com- 
poimd which acts as the dielectric. The movable plate acts as 
the diaphragm, vibrating in accordance with the signal and im- 
parting its motion directly to the air, resulting in sound waves. 
A high d-c polarizing voltage (about 500 volts) is used. The 
complete speaker is made up of several 8 x 12-mch units of this 
type. 

The main trouble which occurs in this type of speaker is that 
of deterioration of the rubber dielectric, followed by its break- 
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down due to the high polarizing voltage which must be applied 
across it. When the dielectric becomes punctured, it should be 
replaced, but replacement of this dielectric is extremely difficult 
and not lasting. In fact, so far as the author is aware, it is 
no longer possible to secure this material. Perhaps the most 
practical thing to do if called upon to service a speaker of this 
type in a Peerless receiver is to replace it with a dynamic speaker. 
A speaker having a push-pull output transformer designed to 
work out of push-pull '45 tubes should be employed. Its field 
resistance should be approximately 500 ohms. The connections 
in the receiver should be changed so that the plates of the '45 
output tubes go direct to the two outside ends of the speaker 
output transformer primary. Connect its center-tap to the B 
plus lead. Remove the choke in the output of the filter circuit 
and connect the 500-ohm field coil of the dynamic speaker in 
its place. Remove all the apparatus which was employed for 
securing the d-o polarizing voltage for the condenser speaker. 
The receiver is now ready for operation with its new dynamic 
speaker. 

26-46. Phonograph Pickups. — A magnetic type phono- 
graph pickup (sometimes called a reproducer) is a carefully as- 
sembled device that must be handled delicately and with patience. 
Though similar in construction to the motor unit of a balanced- 
armature magnetic speaker, its parts are much smaller, and often 
times proper spacing and adjustment must be carried out with 
the aid of a small pocket-size magnifying glass. There are many 
types of phonograph reproducers in use, but the magnetic type 
is yerj widely used for home radio-phono combinations and can 
be easily repaired. The copper-oxide, oil damped, crystal, and 
other types are subject to misalignment and wear, but their con- 
struction is such that the average service man does not have the 
necessary facilities for making satisfactory repairs on them. 
One of the most common troubles encountered in the '^crystal'' 
type of pickup is that due to the snapping of the leads to the 
crystal unit. It is not always possible to repair such a fracture. 

26-47. Construction of the .Magnetic Phono Pickup. — 
Pigure 26-21 shows three interior views of a typical magnetic 
pickup. Essentially, it consists of chromium steel magnet, two 
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thin pole pieces, a mechanism support and bracket, a coil and an 
armature that is damped by means of an anchored rubber damp- 
ing block. The needle holder is pivoted in rubber pivots. Move- 
ment of the needle in the grooves of the record changes the 
magnetic flux in the center of the coil, and a voltage is gener- 
ated which is proportional to the rate of change of flux. The 
damping block is used to prevent excessive vibration at the re- 
sonant frequency of the mechanical system. 


26-48. Center- 
ing the Phono Pick- 
up Armature, — ^The 
complaint of weak 
and distorted phono- 
graph reproduction, 
such as would be 
obtained if the grid 
bias were removed 
from an audio-am- 
plifier tube, is fre- 
quently due to the 
armature of the 
pickup being off-cen- 
ter. In most pickups, 
the armature is cen- 
tered by means of a 
small clamp which 
fits tightly over the 
rubber damping 
blocks. The two 
screws, A B (Fig. 

26-21), that hold 
this clamp in place 
should be loosened 
and the plate so ad- 
justed that the armature is centered between the pole pieces of 
the magnet. To determine whether or not the armature is correct- 
ly adjusted, the pick-up should be re-assembled and the phono- 
graph set up for operation. With the phonograph volume con- 


Oourtesy ROA Victor 

Fig. 26 - 21 . — Details of the assembly of a 
typical phonograph pickup unit of the mag- 
netic type. 
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trol turned up full, the needle in the armature should be moved 
back and forth with the finger. Unless the same response is 
heard in the speaker when the needle is pushed to the right and 
to the left, the armature is not properly centered. The armature 
should then be centered by moving the damping block plate, 
after loosening the mounting screws, in the direction opposite to 
the side at which the weak response was heard. 

26-49. Replacing Rubber Damping Block and Pivots in 
the Pickup. — ^The symptoms of weak reproduction accompanied 
by blasting on low-frequency notes, and rattles on the high fre- 
quencies, are generally caused by the hardening or deterioration 
of the rubber damping blocks and rubber pivot supports. The 
test for this failure may be made by moving the needle in the 
pickup first to the right and then to the left. It should take 
as much force to move the needle in either direction. If it is 
found that the armature is more easily moved in one direction 
than the other, it will be necessary to replace the rubber damping 
block and pivot supports. This usually necessitates dismantling 
of the entire mechanism. 

26-50. Remagnetizing the Magnet in the Pickup, — In 
certain types of pickups it is often necessary to remove the per- 
manent magnet in order to make any adjustments or replace- 
ments. If this is necessary, a steel or iron '^keeper” (such as a 
large nail) must be placed across the poles of the magnet before 
it is removed from the pole pieces. Failure to do this will result in 
a weakened magnet. This keeper should not be taken off until 
after the magnet is placed back on the pole pieces in the pickup. 
If the magnet is found to be weak (this may be determined by 
testing its magnetic attraction with a screwdriver), it will be 
necessary to remagnetize it in accordance with the remagnetiz- 
ing procedure explained in Art. 26-18. It is preferable to check 
the magnetic polarity of the pickup magnet and to re-magnetize 
it so that the same polarity is maintained. 

26-51. Removing Foreign Material from the Pickup Air- 
gap. — fuzzy, crackling noise which is heard during the play^ 
ing of a record is often caused by the presence of small iron 
particle which are attracted by the magnet to the base of the 
pickup near the stylus. These particles may be removed 
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easily with the aid of a small stiff brush, such as a toothbrush, 
or may be blown away, or picked off with small tweezers. 

26-52. Repair of Open Phono Pickup CoH. — Total inop- 
eration of a magnetic pickup is often caused by an open-circuited 
coil which must be replaced or rewound. In some instances, weak 
response may be due to a coil winding that has become short- 
circuited, partially short-circuited, or grounded to one of the 
pole pieces or to the armature. This condition may be checked 
readily by the use of an ohmmeter. Should the pickup coil be 
found to be short-circuited to the pole piece or armature, thin 
strips of empire cloth may be used to insulate it. A practical, 
quick test for determining the condition of a pickup may be made 
by connecting a pair of headphones directly across its terminals. 
When the needle in the pickup is moved back and forth with the 
finger, a clicking sound should be heard. If the needle is played 
in the groove of the phonograph record, the recording should be 
heard clearly in the earphones. 

26-53. Repair of Phonograph Turntables. — One of the 
most common troubles with phonograph reproduction is that of 
distortion. Although this condition may be caused by trouble in 
the pickup, it is more frequently due to incorrect speed of the 
turntable. A "wow^’ sound caused by variations in the speed of 
the turntable, is evidenced by distortion on long, sustained notes, 
especially on long playing records. As the first step toward 
eliminating complaints of this nature, the speed of the turntable 
should be checked. The correct speed for standard records is IS 
revolutions per minute while the record is being played with 
the needle of the pickup in position on it. Although the speed 
may be determined by counting the number of revolutions made 
in a minute by a small strip of ordinary white paper inserted 
between the record and the turntable, it is preferable to regulate 
the speed with the aid of a stroboscope disc. A stroboscope is 
a circular cardboard disc with lines so drawn and spaced that 
when the disc is placed on a record which is being played, and 
the disc is illuminated by an ordinary incandescent (or prefer- 
ably a neon) lamp bulb lighted by an a-c supply of specified 
frequency (50 cycle wdll do), the lines appear to stand still when 
the speed of the record is correct. If the lines appear to be 



848 


MODEEN RADIO SERVICING 


CH. XXVI 


traveling forward, the speed of the turntable is too fast, and, 
when the lines appear to travel backward, the turntable is reg- 
ulated at too slow a speed, and it should be adjusted. 

The speed of most turntables is regulated easily by a screw 
or lever adjustment which controls the action of the governor 
operating in conjunction with the phonograph motor. Many 
of the new phonograph motors are equipped for two-speed oper- 
ation of the turntable, one for the playing of 78-r.p.m. records, 
and the other for the 33%-r.p.m. records. 

riuctuation in the speed of the turntable, or ‘Vow,^^ is usual- 
ly caused by the hardening of the leather, soft rubber, or felt 
washer, upon which the turntable rests. Replacement of the 
washer or washers is often all that is necessary to correct this 
condition. In some instances, the entire motor must be over- 
hauled, oiled, greased, and each electrical connection checked 
and resoldered. When the motor is of the commutator-brush 
type, the commutator and brushes must be carefully cleaned 
with fine sandpa'per (not emery cloth) and fitted properly. 

Speed variation may be noticed only on certain types of 
records, especially those of the long-playing kind. This will be 
found to he due to excess pressure of the pickup in many cases. 
It may be coimteracted by the adjustment of the counter bal- 
ance fastened to the far end of the pickup arm or by the installa- 
tion of a light spring between the motor board and the pickup 
arm to reduce the pressure of the pickup upon the record. 

2fi-54. Repair of Phonograph Motors. — ^The phonograph 
motors employed in combination radio-phonograph receivers are 
usually sturdily constructed and seldom require attention, except 
for periodic oiling and greasing. However, when induction 
motors are encountered which cannot be made to operate at cor- 
rect speed or are sluggish in operation, the trouble may be due 
to the turntable shaft which has become slightly ^Trozen^' at the 
point where it passes through the motor assembly. This con- 
diMcm may be rectified by working the shaft loose with the aid 
of some light mineral oil. In cases where the motor is sluggish, 
or has a tendency to stall or lose power, a drop or two of machine 
oil should be applied to the bearings. In the commutator type 
of phonograph motor, this latter condition may be overcome by 
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cleaning the commutator with a strip of fine sandpaper and 
resurfacing and fitting the carbon brushes (see Art. 27-40). 

A large number of radio-phonograph combinations employ 
an induction disc-type motor. These motors have' two sets of 
field coils, or inductorSj each of which consists of three coils and 
five poles. The magnetic field produced between the poles by 
the passage of alternating curent through the inductors causes 
the non-magnetic rotor disc, which fits in the narrow gap between 
the poles of each inductor, to rotate. Because of the high cur- 
rent passing through these coils, one or more of them may bmn 
out or become partially short-circuited if the motor is operated 
continuously for any length of time. When it becomes necessary 
to replace these coils, care should be exercised to connect them 
in exactly the same manner as previously found, otherwise the 
disc and turntable will be found to be ^‘running backward’^ 

26-55. Eliminating Hum Caused by Phonograph Motor. 
— ^Very often, phonograph reproduction is accompanied by an- 
noying hrim. In such cases, the pickup arm and motor frame 
should first be grounded. The pickup leads should also be 
shielded with grounded shield covering. If these remedies do not 
eliminate the hum, a plate of soft iron approximately 0.1 inch 
thick and 10 inches in diameter should be screwed to the top of 
the motor board, under the turntable. This will act as a mag- 
netic shield preventing the stray magnetic field of the phono- 
graph motor from inducing hum current in the coil of the pickup. 

In one make of magnetic pickup, a ^‘hum-bucking^’ or ^‘hum- 
neutralizing” coil (see Art. 26-33) has been incorporated in the 
pickup (connected in series with the regular coil) to buck out 
the hum current which may be induced in the regular pickup 
coil by the motor field or any other stray magnetic fields. 
Of course this makes the iron plate shield unnecessary. 

26-56. Automatic Record Changers. — Because of the fact 
that the design and construction of automatic record-changing 
mechanisms are so varied and more or less complicated, no at- 
tempt will be made here to discuss their troubles and the rem- 
edies which apply to them. Some of the trouble symptoms which 
occur in a few of these devices, and the remedies which will cor- 
rect them, have been listed in the compilation of Symptoms and 
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Remedies for Troubles in Home Receivers, which will be found 
in the Radio Field Service Data and Answer Book Supplement to 
Modem Radio Servicing. The reader would do well to consult also 
the instruction and service literature of the manufacturer of the 
particular record-changer in cases where trouble is experienced. 

26-57. Adding Phonograph Pickups to Radio Receivers. 
— ^There are instances when it is desired to add to an existing 
radio receiver, facilities for making phonograph reproduction 
possible. In such cases, the installation must be made in as 
simple and direct a way as possible, and at low expense. This 
means that, aside from the mechanical problems of locating the 
turntable and reproducer, the electrical connections to the re- 
ceiver must be considered. Of course, they must be kept as 
simple as possible, consistent with satisfactory performance. 
Methods of adding phonograph pickups of the ‘‘crystah' and 
^'magnetic” types to receivers by making simple circuit connec- 
tions to the receivers will be considered first. Then, an entirely 
di:fferent method which makes use of a modulated oscillator ar- 
rangement will be described in Art. 26-65. Although this work 
cannot really be classed as repair work, it is presented here for 
lack of a more appropriate place to put it in this book. It does 
however, entail reconnection of a few circuits in the receiver. 

The service man must decide first to which part of the radio 
receiver it will be best to connect the pickup. This, of course, 
depends on the circuit arrangement of the particular receiver. 
In receivers which employ but one audio stage following the 
second detector, the volume will usually be insufficient for satis- 
factory phonograph reproduction if an average pickup is con- 
nected to the input of the a-f amplifier (after the detector). It 
is better to connect it to the input side of the second detector 
and make the necessary circuit changes to decrease the control- 
grid bias on this tube so that it operates as an amplifier when the 
pickup is connected for phonograph reproduction. If this is 
done, two stages of amplification are available for amplifying 
the output of the pickup — ^which is ample for good volume. 

In receivers which employ at least two stages of a-f ampli- 
ficaticui, the phono pickup may be cpnnected to the input circuit 
of the first audio Mage, although in this case too, it is often 
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connected into the input side of the detector stage when it is to 
be used. Since several different detector circuit and tube ar- 
rangements have been used widely in receivers during the past 
few yearSy it is essential that the service man who attempts to 
install magnetic type phonograph pickups in existing receivers 
be familiar with the proper method of connection for each com- 
mon detector circuit arrangement. 

Also, suitable switching arrangements must be provided for con- 
necting the phono pickup to the circuit at will, and preventing the 
radio signals from feeding through along with the phonograph re- 
production. For convenience, it should only be necessary to flip one 
switch for changing from radio to phono reproduction. 

Pickup circuit arrangements to meet the various circuit con- 
ditions usually encountered will now be considered. 

26-57A. Adding “Astatic” Crystal Phono Pickups to Radio 




Fig. 26-22. — (A) Method of connecting a phonograph pickup 
to the detector input circuit of a receiver employing grid-leak detection. 

(B) Method of connection when the receiver employs grid-bias 
detection. In each case, the additional pickup and other wiring is 
shown dotted- 

Receivers. — Because of their high impedance, “astatic” crystal 
type phono-pickups may be connected directly between any of 
the points in the receiver to which a magnetic type pickup may 
be connected (see Figs, 26-22, 26-23, 26-24 and 26-28) — ^but pre- 
ferably between the control-grid and B-mirms of the first audio 
amplifier input tube. 

The average voltage output of this type of pickup is over 2 volts 
when shunted by the usual 0.6 meg. potentiometer-type volume con- 
trol used with it (see (A) of Fig. 26-26), so the tube grid should 
be operated at from 4 to 6 volts 'negative to prevent distortion at this 
point. 

26-58. Connecting: Phono Pickup to Input of Ghrid Xreak 
and Condenser Detector. — If the receiver the pickup is to be 
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operated with contains a detector of the grid leak and condenser 
type, it may be connected to the input circuit of the detector tube 
when used, as shown at (A) of Fig. 26-22. In order to connect 
a bias voltage into the circuit automatically when the pickup is 
used, so that the tube will operate as a linear amplifier, bias re- 
sistor, B, (of the proper value) and its by-pass condenser, C, 
are connected in the cathode circuit as shown. When switch Si 
(which consists of one side of a d.p.d.t. switch) is thrown to 
position, jR, for radio reception, the bias resistor is short-circuited 
through the chassis ground circuit so the tube operates as a de- 
tector. At the same time, switch which forms the other side 
of a single double-pole — double-throw toggle switch which is em- 
ployed for both switching purposes, switches the grid of the tube 
to the grid leak and condenser to complete the circuit. When the 
switch is thrown to the P position for phonograph reproduction, 
switch Ss connects one end of the phono pickup to the grid of 
the tube. In doing this, it automatically disconnects the grid 
from the tuning coil circuit in order to prevent any radio signal 
from feeding through the audio amplifier along with the phono- 
graph pickup impulses. At the same time, switch Si opens its 
circuit, thereby putting bias resistor B and condenser C into the 
cathode-return circuit. The pickup is now connected directly 
across the input circuit of the tube, which is being operated as 
an amplifier. 

Several other circuit connections and arrangements for connect- 
ing a phono pickup to a detector circuit of this kind can be employed, 
but this one has the distinct advantages of completely eliminating the 
radio signal when the pickup is used, operating the detector tube as 
an amplifier along with the a-f amplifier for phonograph reproduc- 
tion so that additional amplification is obtained, and eliminating the 
necessity for having any long leads from the grid of the tube to the 
phonograph pickup in the circuit when radio reception is desired. 
Such leads often cause annoying feedback and resulting oscillation 
in the receiver. 

26-59, Connecting Phono Pickups to the Input of a Biased 
Detector- — If a simple grid-bias triode or screen-grid detector 
is employed in the receiver, the phonograph pickup can be con- 
nected to its input by employing the arrangement shown at {B) 
of Fig. 26-22. Resistor B and by-pass condenser C are the 
units which were originally in the receiver (reconnected as shown 
of course). Resistor A is an additional Mas resistor of the 
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proper value which will cause the tube to operate as a linear 
amplifier. The operation of switches Si and Sg, which form 
the two sides of a d.p.d.t. toggle switch may be understood from 
a study of the diagram. For radio reception, high-bias resistor 
B is put into the circuit; for phono reproduction, lower-bias 
resistor A is switched in. In either case, by-pass condenser C 
connects across the bias resistor being employed. With this 
arrangement only a simple toggle switch and a single-bias re- 
sistor of proper value need be added to the receiver. The proper 
value of bias resistor, A, to use, is that which makes the tube 
operate as a linear amplifier (see Chart of Grid-Bias Resistors in 
Madio Field Service Data and Answer Booh supplement to Mod- 
ern Radio Servicing). 

26-60. Connection of Phono Pickup in I> elector Circuits 
vs. Connection in A-F Amplifier. — ^In many cases (aside from 
those where diode detectors are used) it is desirable tOy^connect 
the phono pickup into the input circuit of the audio amplifier 
instead of into that of the detector. This is usually the case 
when a diode detector is employed (since the diode produces 
no amplification) 3 or when the circuit of the receiver is not 
known or available. It is also the case when the receiver con- 
tains plenty of a-f amplification. In such receivers, too much 
volume is obtained when the phono pickup is connected ahead 
of the detector tube. It makes little difference as regards 
^^quality’^ whether the phono pickup is connected into the detec- 
tor, or the audio input circuit (so long as the detector tube is 
operated as a linear amplifier when the ‘pickup is used); the 
main difference lies in the volume obtained. When plenty of 
volume is required, or, when the receiver contains only one audio 
stage, it is usually best to connect the phono pickup into the 
detector input circuit. When the receiver circuit is complicated 
and is not known, or when it contains two good audio stages, 
it is usually simpler to connect it into the a-f amplifier circuit. 
Whenever possible, this arrangement is to be preferred. 

26-61. Connecting Phono Pibkups to Duplex-Diode De- 
tectors. — ^Many broadcast receivers employ a duplex-diode tri- 
ode tube which combines the fimctions of automatic volume con- 
trol, detection and audio amplification, ' A typical circuit ar- 
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rangement for a composite circuit of this type is shown at (A) 
of Fig. 26-23. The heater, cathode, two diode plates and triode 
(or pentode) grid and plate are in the same tube. The signal 
input to the tube connects between the diode and cathode, as 
shown, through volume-control potentiometer R. The arm of 
R may connect to the control grid of the audio triode (or pen- 
tode) section directly, or through some sort of resistance-coupled 
arrangement. 

The tube connections other than those shown here are not 
important for our consideration. The phono pickup is simply 
connected across the volume-control resistor of the receiver, this 
volume control then serving for both radio and phonograph 
operation. This connects it to the input circuit of the triode 
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iPiG. 26-23. — Two methods of connecting a phonograph pickup to 
receivers employing a duplex-diode triode (or duplex-diode pentode) 
tube. The piclmp is connected to the input of the audio triode (or 
pentode) amplifier section of the tube. 

portion of the tube (there is no point in connecting phono pick- 
ups to the diode sections of diode detectors since these detectors 
do not amplify). Switch Sx cuts the phono pickup in or out. 
Another switch, may be connected across the input tuning 
coil for short-circuiting the input to the detector so that no radio 
programs will be reproduced while the phonograph is operating. 
Switch Sx and this switch can both form part of a single d.p.s.t. 
toggle switch. 

Another arrangement which may be used in receivers which 
employ a dupl^-diode triode (or duplex^diode pentode) tube is 
^own at (B) of Fig. S6-23^ This anrangment is also useful if 
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the receiver does not contain two a-f amplifier stages — ^the de- 
tector feeds directly into an output stage — and if the circuits 
already described are not applicable for one reason or another. 
A conventional detector circuit employing a duplex-diode triode 
tube is shown. The same arrangement to be described is also 
satisfactory if a duplex-diode pentode tube is employed. The 
s.p.d.t. toggle switch Si is connected so that when thrown to the 
It side the grid of the audio section of the tube is connected for 
normal radio reception; when connected to the P side, this grid 
is connected to the phonograph pickup and the radio circuit is 
disconnected. When making this type of phonograph pickup 
connection, care should be exercised to make the lead from the 
grid of the triode section of the tube to switch Si, and that from 
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Fig. 25-24, — Two methods of connecting a phonograph pickup to 
the input of the receiver audio amplifier when independent a-f am- 
plifier tubes are employed in the receiver. 

(A) The pickup is connected to the primary of the first a-f 
transformer when the a-f amplifier is transformer-coupled. 

(By The pickup is connected to the grid circuit of the first a-f 
tube when the a-f amplifier is resistance coupled. 

Si to the arm of the volume control, as short and direct as pos- 
sible to prevent possible coupling between these leads and the 
input side of the diode. In some cases, it may be necess&sry to 
shield these leads with a grounded shield. In the circuit arrange- 
ments of (A) and (B), the volume control resistor of the receiver 
must have a large resistance compared to the impedance of the 
phonograph pickup. 

26 - 62 . Connecting Phono Pickups to Simple Audio Cir- 
cuits. — ^In receivers in which simple audio circuits having inde- 
pendent audio tubes are employed, the phono pickup may he 
connected to. the input of the first audio tube. If the first audio 
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tube is transformer-coupled to the detector, the pickup may be 
connected across the primary winding of the audio input trans- 
former, as shown at (A) of Eig. 26-24. A simple s.p.d.t. toggle 
switch is employed for connecting the primary of the a-f trans- 
former to either the phono-pickup or the detector tube. In this 
way, either the phonograph or the radio can be used without 
interfering with each other. 

If the first audio tube is resistance-coupled to the detector, 



Fig. 26-26. — {A) Connection, of a volume control potentiometer 
to a Mgrh-impedance magnetic t37pe pickup, or an “astatic” crystal 
type pickup. 

(R) Connection of a low-impedance magnetic type pickup to its 
impedance-matching transformer and volume control potentiometer. 

the phono pickup may be switched into the circuit (as shown in 
{B) of Pig. 26-24) by means of s.p.d.t. toggle switch Sx em- 
ploying the circuit arrangement shown. When the switch is in 
the a position, the radio is in use and the phono pickup is dis- 
connected. When it is in the P position, the radio is disconnected 
and the phonograph pickup is connected directly to the input ter- 
minals of the audio tube. Resistor Ri is the grid-leak resistor in 
the receiver (usually a 2-megohm resistor) . 

26'-63, Volume Controls for Phonograph Pickups. — ^In 
the circuit arrangements of (A) and (B) of Fig. 26-23, the 
volume control resistor of the receiver acts also as the volume 
control when the phono pickup is in operation. However, in the 
circuit arrangements of Figs, 26-22 and 26-24, it is very likely 
that the volume control of the receiver would be in either the 
r-f or detector circuits where it could not serve for control of 
the phono pickup volume. If the phono pickup employed is not 
already previewed with a built-in volume control of its own, an 
extenial volume control naust be added to it in these cases. This 
volume control (which may consist of a 50,000-6hm potentio- 
meter in the case of a magnetic pickup, or a 0.5 meg. potentio- 
meter in Ihe case of an astatic” crystal type pickup), should be 
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connected with its full resistance across the ontpnt of the pickup. 
The arm and one end of the potentiometer should be connected 
to the receiver, as shown at (A) of Fig. 26-25. Fig. 26-26 illus- 
trates t^o typical magnetic type phonograph pickups. That at 
the left does not contain a volume control. The one at the right 
has a volume control built into the base. Its control knob is visible I 
26-64. High-Impedance and Lrow-Impedance Pickups. — 
If the pickup to be employed is of the high-im^edance type (im- 
pedance is several thousand ohms) , it may be connected directly 
into the most suitable point in the receiver circuit (see Fig. 
26-22) without additional accessories. However, if a low-im-- 
pedance type pickup is used (impedance is only several hundred 
ohms) , for proper energy transfer, its impedance must be matched 
approximately to that of the circuit it is connected to. An im- 
pedance-matching transformer must be connected between the 
pickup and receiver for this purpose. The proper turns ratio of 
such a transformer is equal to the square root of the impedance 
ratio required. Proper impedance-matching transformers to op- 
erate with low-impedance pickups are available in a number of 
standard impedance ratios. The connection of an impedance- 
matching transformer of this kind (together with an external 



Fig. 26-26. — (De/t) A t 3 q)ical magnetic type phonograph pickup 
unit complete with its tone arm and base. 

{Right') A similar pickup which has a volume control built into 
its base. The volume control knob can be seen at the lower right, 

volume control) to a low-impedance magnetic pickup is shown 
at {B) of Fig. 26-25. ''Astatic^' crystal type pickups are of the 
high-impedance type. 

26-65. Adapting a Phono Pickup to a Receiver by means 
of a Phonograph Oscillator. — ^In all of the phonograph pickup 
arrangements considered up to this point, the pickup is connected 
directly into the circuits of the radio receiver. From what has al- 
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ready been said, it must be apparent that the job of connecting 
phonograph pickups into the circuits of all sorts of existing radio 
receivers is not a very simple one for the service man, if satis- 
factory results are to be obtained. The connection arrangement 
employed depends upon the number of audio stages employed 
by the receiver, the types of' audio tubes, the type of detector 
tube, the type of detector circuit, etc. Another method, which 
feeds the output of the pickup to the receiver in an indirect way, 
but which is simple to adapt to practically any type of a-c 
electric receiver manufactured during the past five years, will 
now be described. The installation work can be completed in 
about five minutes, for, since no changes whatsoever are made 



Pig. 26-27. — A modulated 
oscillator unit for connecting 
a phonograph pickup unit to 
any existing radio receiver, 
without need for making any 
wiring changes in the re- 
ceiver circuits proper. Its 
circuit diagram is shown in 
Fig. 26-28. (Model RK-24) 

Courtesy MCA. Yictor 


in the wiring of the receiver, the receiver chassis does not needvj 
to be removed from the cabinet. * 

The entire adapter imit, which may be mounted anywhere 
inside (or in back of) the receiver cabinet, is illustrated in Fig. ! 
26-27. Its complete schematic circuit diagram is shown in Fig. 
26-28- The unit is really a miniature broadcast transmitter 
wMch is energized from the power supply of the receiver and 
modulated by the phonograph pickup. It consists of either a 6A7 
or a 2A7 tube — the type of tube used depending upon whether 
the receiver to which the unit is connected employs 2.5-volt 
tabes (in which case the 2A7 is used) or 6.3-volt tubes (in which 
case the 6A7 is iMed) , The tube, which is a pentagrid converter 
designed to perform simultaneously the function of an oscillator 
tube and a mixer tube, is connected with its triode portion act- 
ing in an r-f oscillator circuit of the Hartley type, having an ad- 
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justable frequency from 1,400 kc to 1,700 kc. The phonograph 
pickup is permanently connected across the control-grid and 
cathode of the pentode section of the tube, the pentode section 
functioning as the modulator. Suppressor grid modulation is 
employed. The phonograph pickup modulates the r-f sigpal of 
the oscillator, in other words, the tube is used in much the same 
manner as the combination mixer-oscillator in a superhetero- 



RECTi fier: 
FILAMENT 
LUG 


Fig. 26-28. — Schematic 
circuit diagram of the 
modulated phonograph os- 
cillator of Fig. 26-27. It 
is in reality a miniature 
broadcasting station whose 
output signal is modulated 
by the phonograph pickup. 
Its output sigrnal is fed to 
the receiver, which ampli- 
fies and detects it and re- 
produces it through the 
loud speaker. 
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dyne receiver. The modulated output signal from pickup coil 
Lj^ is fed directly to the antenna and groimd terminals of the 
receiver. When the receiver is tuned exactly to the carrier fre- 
quency of the output signal of the oscillator, the receiver am- 
plifies and demodulates this signal just as it does any signal re- 
ceived from a broadcasting station. The result is that the phono- 
graph recording is reproduced by the loudspeaker of the receiver. 
The volume control of the receiver acts as the volume control 
for the phonograph reproduction also. 

In order that no internal connections need be made to the 
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receiver, three adapter Lugs are provided for direct connection to 
tube prongs of two of the tubes in the receiver. These are 
labeled in Fig. 26-28. One lug is slipped over one of the fila- 
ment prongs of the rectifier in the receiver for providing the 
necessary plate and screen voltages for the tube in the oscillation 
unit. The other two lugs which are slipped over the heater 
prongs of one of the tubes in the receiver, supply heater current 
for the tube in the oscillator unit. 

A double-pole double-throw toggle switch is employed for 
changing from radio to phonograph. This is so connected that, 
when thrown to the '^Phono” position, the antenna is discon- 
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Oourtesv ROA. Victor 

Fig. 26-29. — Typical installation of the phonograph oscillator 
unit of Pigs. 26-27 and 26-28. The method of slipping the lugs over 
the heater prongs of a tube in the receiver for filament current supply 
is shown at the left. 


nected from the receiver, the heater supply to the *A.7 tube is 
closed, and the output coil Lj^ of the phonograph oscillator is 
connected to the antenna post of the receiver. When it is thrown 
to the ^'Radio^^ position, the antenna is connected to the receiver 
and the supply to the heater of the ’A7 is opened. A pictorial 
view showing the phonograph oscillator unit moimted inside of 
a receiver cabinet, and tlie various connections which must be 
made, is shown in Fig. 26-29. The detailed view at the left 
shows how the two adapter lugs for the heater circuit are placed 
on the heater prongs of one of the receiver tubes. If a low-im- 
pedance magnetic pichup is used, an impedance matching 
. terpnsfoimer : mtist- , '.he' c'ccnnccted. ''hetweeii it and ^ the input term- 
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inals of the oscillator unit. If a high-impedance magnetic type 
(or an ^^astatic^^ crystal type) pickup is used, no impedance- 
matching transformer is necessary. 

26-66. Repairing and Refinishing Damaged Receiver 
Cabinets. — ^The refinishing, and repair of minor damages, to 
receiver cabinets is a very important part of radio repair work, 
for the service man who is able to do this work himself can save 
the cost of complaints, returning scratched or damaged cabinets 
to the factory, and having marred cabinets spoil the chances of 
making a sale. In addition, he can refinish and repair the re- 
ceiver cabinets of his customers at regular service rates. 



Oowrtesy Radio RetaiUnff Maffouine 

Pig. 26-30. — How burning-in shellac is filled intxj a deep scratch 
or minor dent in a radio receiver cabinet with a small penknife to 
bring the surface up to the level of the rest of the wood. 

There are five common types of damages which occur in 
radio receiver cabinets. These can be repaired easily after a bit 
of experience has been obtained. They are: press marks 
(bruises due to improper packing) ; scratches (deep and surface) ; 
dents) rubbed edges and fractures. The tools and materials re- 
quired for their repair are: % quart of crude oil thinned with 
% quart of benzine; 1 small can of furniture glue; very fine steel 
wool, 'No. 0000 pumice stone powder; walnut stain; ITo. 0000 
sand paper; an alcohol lamp; a stick of transparent, buming-in 
shellac ; a small pen knife or scapel. All of these supplies may be 
obtained at any paint supply store for approximately one dollar. 
The alcohol lamp can be made hy cutting off the small end of 
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a machine oil can spout and inserting a wick into it so that it 
dips into the alcohol contained inside. A lamp of this kind may 
be seen in Eig. 26-30. 

If the cabinet has a ‘'press mark’' or surface scratches, first 
rub it down well with the crude oil and benzine mixture. Then 
follow with pumice stone over the entire surface and finish with 
a soft dry rag. The pumice is applied by dipping a rag or small 
piece of felt soaked in the crude oil, into the pumice powder. 

If the cabinet has deep scratches, minor dents, or other 
marks, they must first be filled in with the burning-in shellac. 
To do this, light the alcohol lamp, soften the shellac stick in the 
flame and get a piece of this transparent shellac on the side of 
the rubbing-in knife- Fill the indentation by carefully pressing 
the softened shellac in with the knife, as shown in Fig. 26-30. 
Build it up until the surface comes slightly above that of the 
cabinet. After the indentation is completely filled, sandpaper 
the projecting rough surface flush with the wood. Then finish 
the job with pumice and oil in the same manner as already ex- 
plained for "press marks". 

Deep dents may sometimes be swollen flush by the applica- 
tion of hot water or steam. However, this process requires con- 
siderable care, or the glue under the top layer of veneer will be- 
come moist and the veneer will peel. 

Rubbed edges are very common, and give the cabinet a shab- 
by, shopworn look. Generally, alcohol (colored with walnut, 
oak or mahogany stain according to the finish of the set) ap- 
plied along these edges with a piece of felt will suffice. Bottles 
of these various stains should be kept at hand. 

Fractures in radio receiver cabinets may be caused by ex- 
trefipely rough handling during shipment. Splitting and check- 
ing may sometimes he caused by the use of improperly seasoned 
wood in cheap cabinets or by subjecting the cabinet to extreme 
tenperature changes during shipment. Yery often, these may 
be repaired by smearing the surfaces of the split portions with 
a good grade of furniture glue and clamping them together 
praperly until the glue has set. After , the clamps have been put 
in place, any excess glue should be wiped off carefully with a 
cloth moistened with hot water. Be carefiil to insert blocks of 
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soft wood between the clamps and the polish^ surfaces of the 
receiver cabinet to prevent denting by the jaws of the clamps 
when they are tightened. Two or three five-foot adjustable iron 
rack-type clamps supplemented by a few of. tHe smaller 
wooden /'O’* clamps are excellent for this purpose. 


REVIEW QUESTIONS 

1. Explain in - detail how you would proceed to repair a 2,000-ohm 
wire-wound resistor in which the resistance wire has broken, near 
one of the end terminals. 

2. You require a moulded carbon type resistor of 2,500 ohms, but 
you have only one of 2,000 ohms on hand. Explain what you 
would do to increase the 2,000-olim unit to 2,500 ohms. How 
would you know when you had the correct resistance? 

3. Suppose you needed a 1,500-ohm resistor and you had a 2,000-ohin 
wire-wound unit on hand; what would you do to it to make it 
serve the purpose satisfactorily? 

4. Explain how you would proceed to repair a variable wire-wound 
volume control resistor which is responsible for noisy operation 
of a radio receiver. 

5. How would you proceed to re-wind an r-f coil in a t-r-f receiver 
employing a 3-gang tuning condenser? 

6. How would you match the coil with the others in the receiver, 
so that the tuning would track satisfactorily over the entire dial? 

7. Explain with the aid of sketches, how you would test an i-f 
transformer unit to determine and locate the following troubles : 
(a) short between the primary and secondary windings; (5) 
open primary; (c) shorted primary tuning condenser; (d) 
ground between the shield can and one of the coils. 

8. A filter choke is burned out near its center so that its resistance 
cannot be measured- How would you determine the amount of 
wire that must be purchased to rewind the choke? The size 
of the wire? 

9. How would you make sure to have the same air-gap length in 
the core of the choke of Question 8, after it is rewound, as was 
present before? 

10. Explain how you would remove a choke coil from its housing, if 
it is sealed in with pitch. 

11. Ohmmeter tests show that one of the low-voltage fiLlament wind- 
ings of a power transformer is burned out because of overload- 

X ing. Explain in detail, how you would proceed to repair this 
transformer if the winding is the 3rd winding from the outside 
one, and it is not desired to disturb any of the outside windings. 
How would you determine the size wire and number of turns 
to use for the replacement coil? 

12. Name the various insulating materials that are employed to 
insulate ’ the windings of filter chokes and power transformers 
from themselves and the core, stating the particular applica- 
tions for which each material is best suited and your reasons 
for same. 
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18. A condenser block containing three filter and four by-pass con- 
densers of the paper-type, with a common grounded terminal 
throufifhout, is to be tested for opens, shorts, leakage and grounds. 
Escplain how you would make each test, and what instruments 
you would use in each case. 

14. One of the 2-mfd. filter condensers in the condenser block of 
Question 13 is found to be leaky. All of the condensers are 
sealed in pitch in a metal container. Explain how you would 
proceed to remove this condenser from the block and connect and 
seal another similar one in its place. 

16. How could the receiver which employs the condenser block of 
Question 13 be put back into normal operating condition if it is 
not desired to bother sealing a new condenser into the block ? 

16. An electrolytic condenser of the wet type breaks down because 
it is accidentally connected across a voltage greater than its 
maximum rated value. How would you go about re-forming the 
plates? 

17. A variable condenser is noisy. After cleaning the wiping con- 
tact, it is still noisy. What expedients would you resort to, in 
order to eliminate the noise? 

18. Explain how you would make complete electrical tests on the 
speaker cord of a balanced-armature cone speaker. Illustrate 
your explanation with a sketch for each test. 

19. Assuming that the tests of Question 18 indicate that the speaker 
cord is perfect, how would you proceed to locate possible electri- 
cal troubles existing in the coils of the speaker? 

20. Explain how you would test the permanent magnet of the 
speaker in Question 19 for strength. How would you remag- 
netize it? 

21. Can a-c be used for remagnetizing a permanent magnet? Why? 

22. A balanced armature magnetic speaker is noisy. Upon inves- 
tigation, it is found that foreign matter is clogging up the air 
gap and the armature is not centered. How would you go 
about repairing it? 

23. The cone of the speaker of Question 22 is not properly seated. 
How would you reseat it? 

24. (a) How would you repair a tear in the paper cone of a loud 
speaker? 

(6) How would you repair a seam which has opened up? 

25. What kind of current should be supplied to the field coil of a 
dynamic speaker? What will be the eifect on the reproduction 
of the speaker in each case if the following tjrpes of currents 
are supplied: (a) a-c; (6) pulsating d-c; (c) smooth d-c? 

26. Describe 4 different ways in. which the dynamic speaker field 
current can be obtained in practice iu a common a-c line-operated 
radio receiver. Illustrate your description with circuit sketches. 

27- Explain how excessive leakage in the dry electrolytic filter con- 
d^mser employed in the speaker field circuit of Pig. 26-14 would 
affect the operation of the speaker. Would the hum be increased 
by this condenser condition? Why? 

field coil of a dynamic speaker obtains its current from a 
full-wave rectifier system operating from the 60-cycle line. The 
speaker doc»s not contain any provisions for reducing hum. Ex- 
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plain, how hum that will be heard in the speaker output will be 
produced. What will be the frequency of this hum? Explain I 

29. A dynamic speaker is equipped with a hum-bucking: coil to 
reduce hum. Explain how this cpil operates to reduce the hum. 

so. What effects will be noted if the hum-bucking: coil should open- 
circuit? If it should short-circuit? 

31. Explain the purpose of the copi>er shading ring in some dynamic 
speakers. How does it accomplish this purpose? Why is it 
made of copper? 

32. The voice coil of a dynamic speaker is not properly centered. 
The spider and cone are in go^ condition, but the voice coil is 
"out of round.” How would you attempt to repair and recenter 
the coil? 

33. What effect, on the operation of a dynamic speaker, would 
several loose turns on the voice coil have? How would you 
proceed to repair this trouble? 

34. The internal spider of a dynamic speaker is broken, although it 
is cemented rigidly to the cone. What two methods may be 
used for repairing the spider? 

36. State 6 causes for raspy and distorted reproduction in a dynamic 
speaker. The receiver is perfect and the voice coil of the speaker 
is properly centered. 

36. The output of a loud speaker sounds "fuzzy.” The spider and 
voice coil look normal and properly aligned. What would you 
look for in the speaker, as the possible cause of trouble? 

37. What would be the audible result, in each case, if the following 
trouble were present in a dynamic speaker: (a) loose soldered 
joint on input cord tip terminal; (6) output transformer prim- 
ary or secondary open; (c) output transformer primary or 
secondary shorted; (d) open voice coil; (e) shorted voice coil; 
(/) open hum-bucking coil; (y) shorted hum-bucking coil; (A) 
open field winding or connecting leads; (i) voice coil off center; 
(J) loose cone edge? 

38. What is the most common trouble which occurs in condenser 
type speakers? What causes this trouble? 

39% How does a magnetic phonograph pick-up operate? Explain! 

40. What will cause the complaint of weak and distorted reproduc- 
tion from a magnetic pick-up? What will cause "blasting”? 

41. How would you go about recentering the armature of a mag- 
netic phonograph pickup of conventional construction? 

42. What precaution would you observe when removing and replac- 
ing the permanent magnet of a magnetic pickup? Why? 

48. Reproduction from a phonograph is distorted. The pickup is 
tested and found to be normal, but the turntable is turning too 
slowly. What means would you use to adjust the turntable 
speed? 

44. What is the effect on the entire "pitch” of the reproduction from 
a phonograph record if: (a) the turntable rotates at higher 
than normal speed; (b) rotates at lower than normal speed? 

46. Discuss 6 causes for the complaint of **wow” during record 
reproduction, 

46. How would you proceed to eliminate excessive hum in a phono- 
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CHAPTER XXVII 


INSTALLING AND SERVICING AUTO-RADIO 
RECEIVERS 

27-1. Introduction. — ^The auto-radio receiver has become 
such a widely accepted offspring of the home radio set that little 
need be said regarding its increasing popularity as a convenient 
source of entertainment and information in automobiles. From 
the standpoint of the radio service man, it is suflBcient to know 
that the sale of auto-radio receivers has increased at a very 
rapid pace and that the season at which most auto-radio work is 
done occurs just at the time when the servicing of home receivers 
is usually at a low ebb, so that auto-radio work helps to fill in 
the otherwise dull months of the year. Millions of these receivers 
will be sold and installed every year, and millions of them will 
require some servicing. 

As every service man knows, the satisfactory installation of 
auto-radio receivers involves a great deal more work than the 
mere drilling of a few mounting holes for the receiver, and its 
connection to the car battery. If this were not the case, there 
would be no need for a special chapter on the subject in this book. 
There are many auto-radio installation and servicing problems 
which are unknown in home-receiver installations. For example, 
the receiver must be moimted in a location which is almost always 
very cramped and hardly accessible. Unless the car is already 
equipped with a built-in antenna system, an aerial must be 
installed in (or on) the roof, xmder the running boards or chassis 
of the car, or in some other location. Portions of the upholstery 
may have to be removed and put back later in order to 
do this. Considerable attention must also be given to the igni- 
tion and other electrical wiring of the car in order to eliminate 
all electrical interference which it produces in the receiver. Sup- 
pressor resistances must usually be installed in the high-tension 
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wiring; by-pass condensers (and often chokes) must be put in 
at various places in the low-tension wiring ; brake rods and other 
control rods may have to be bonded to the chassis ; and it is often 
necessary to shield, re-route, or make other changes in the car 
wiring itself before satisfactory noise-free operation is obtained. 
The increased sensitivity engineered into modern auto radios 
and the growing tendency to eliminate individual spark-plug 
suppressors have thrown the burden of noise elimination where 
it should be — on expert installation work. 

An itemized list of the operations involved is presented here, 
so that a general idea of what the installation of auto-radio 
receivers really involves may be had before the various problems 
are considered in detail. 

1. The receiver must be mounted in the most suitable place. 

2. The tuning-control unit (if one separate from the re- 
ceiver is provided) must be mounted on the steering 
column or the instrument panel. 

3. The loud speaker (if one separate from the receiver is 
employed) must be mounted. 

4. The receiver must be connected to the car storage bat- 
tery. The battery terminals may first have to be cleaned 
thoroughly. 

5. If an aerial is not already provided in the car, a suitable 
one must be installed. 

6. The charging rate of the generator must usually be in- 
creased to compensate for the increased battery drain 
caused by the radio set (unless the oar is already pro- 

- vided with automatic charging-rate regulation). 

7. By-pass condensers must be connected at the generator 
terminals and very likely at other places in the car to 
reduce electrical interference. 

8. The spark plug gaps and breaker points may have to be 
cleaned and adjusted, or the distributor rotor- arm 
peened, in order to clear up electrical interfeirence. 

9. In many installations, suppressor resistors must be in- 
stalled at the spark plugs and the distributor. 
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10. Miscellaneous shielding of wires, bonding of control-rods 
and wire-shields to ground, and by-passing may have 
to be done in order to eliminate troublesome electrical 
interference. 

11. In some cases, certain wires in the ignition system of the 
car may have to be re-routed, and the ignition coil may 
have to be re-located in order to minimize interference. 

In the face of all these installation problems, it is no wonder 
that auto-radio installation and service work has often been found 
unprofitable by the uninitiated or poorly-equipped service man 
who does not have sufficient knowledge of the electrical systems 
of automobiles, or the many possible causes for electrical dis- 
turbances which may be set up by them, to locate and remedy 
such troubles rapidly and directly. 

It is unfortunate that automobile owners do not realize that 
when an auto-radio installed in their car gives noisy reception, 
it is usually the fault of the car and not the radio receiver. 
They do not realize that the noise problem depends not only 
upon the make and model of car but also upon its age and the 
condition of its ignition system. The radio service man is often 
forced to recondition the entire ignition system of the car before 
he can make the radio installation (which may be perfect in 
every respect) operate to the entire satisfaction of the owner. 
Usually, the owner is not willing to pay extra for this service. 
He is often quick to point out that an auto-radio set installed in 
a friend’s car of the same make and model gives perfect recep- 
tion, while his does not — being unaware of the fact that the elec- 
trical ^d ignition systems of his particular ear ma.y be in ex- 
tremely poor condition, and further that it is usually easier to 
make a high-grade receiver give excellent performance than it 
is to do so with a cheap one whose “engineering” has been 
skimped to meet price competition. High-grade auto-radio 
receivers are usually double-shielded to prevent direct pickup by 
the internal wiring of the receiver and are provided with an array 
of chokes and by-pass condensers which filter out all noise cur- 
rents from the battery and control wiring. These features are 
often omitted in the cheaper receivers, with the result that more 
elaborate measures have to be taken with the wiring of the car 



S72 


MODERN RADIO SERVICING 


CH. XXVIl 


itself to eliminate all noise. Naturally, this takes more time, 
and it is on just such jobs as these, where a very inexpensive 
set is being installed, that the owner is not willing to pay much 
for the installation work. These are but a few of the conditions 
which the service man must contend with and overcome success- 
fully if he is to do this branch of radio work satisfactorily. 

It is to thoroughly acquaint the reader with modern auto- 
radio service problems and their solution that this chapter is 
included. The information contained herein represents the prac- 
tical findings resulting from the experience of the author and 
many others engaged in this work. Its purpose is to make clear 
most of the problems that confront the service man in this branch 
of work, and to specify direct, rapid solutions to most of them.* 

27-2. Qualifications and Equipment for Auto-Radio Ser- 
vice Work. — ^No special training is required to install and ser- 
vice the average auto-radio receiver. The usual thorough know- 
ledge of radio circuits and theory — ^which is essential for any 
sort of radio service work — some knowledge of the electrical 
wiring systems of automobilesf, and the ability to follow direc- 
tions carefully,, are all the essentials required. Once installed, 
the receiver must be freed from the various types of noise inter- 
ference, and it is here that the specialized knowledge contained 
in this chapter is of importance. 

The equipment required for the installation and servicing of 
atito-xadio receivers is not greatly different from that required 
for home receivers. In addition to the usual set analyzer, tube 
tester, hand tools, etc., a vibrator tester, a hack saw, an electric 
drill, socket, monkey and off-set wrenches, and a heavy-duty sol- 
dering iron are quite suflficient for all ordinary purposes. In addi- 
tion, accurate thickness or “feeler^^ gauges for adjusting the break- 
er points, the spark-gap points, and the distributor; sand paper 
for cleaning the commutator of the charging generator and other 
incidenta l motors that may be used, plus a few additional small 

*Notbj Definitive renaedies for stubborn cases of noisy atito-radio 
qp®ration in tbe various makes and models of American cars are 
presented m the^ author’s Radio TTouble-S^hooter^s Handbook. 
tNoi®: The wiring diagrams for the electrical systems of recent 
^^®^can automobiles will also be found in the Radio Trouble- 
Shootei^s Hamdbooh, . ! . , , t 
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items completes the tools of the auto-radio installation and 
service man. A supply of shielded loom, wire-shielding, flexible 
copper bonding braid, etc., will also be required. These will be 
considered at the proper places later. 

A word or twon-bout the size and location of the shop. If pos- 
sible the shop should be large enough, and so located that the cus- 
tomer can drive the car into it. Experience has shown that best 
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Fig. 27-1. — An auto-radio test room arrangement whereby the 
car and auto-radio receiver under test (as well as all test equipment) 
is completely shielded from all outside sources of electrical interfer- 
ence. The operator is shown here about to complete the shielding of 
the car by pulling cables which lower the screen door at the front. 

service can be rendered, and the customer more easily and com- 
pletely satisfied, when the work is done inside the shop than when 
conditions are such that the car must be left in the open, over 
night perhaps, while the installation is being made or the repair 
effected. More important than this, however, is the fact that 
external interference from other passing vehicles and all electrical 
devices in the vicinity is minimized when the car with the re- 
ceiver under test is brought into a closed, and preferably shielded 
test space whenever it is necessary. 

Figure 27-1 is an interesting photograph of a modern auto- 
radio installation and service station showing a car driven into 
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the special screened cage, having its radio receiver tested. The 
test enclosure consists of a massive copper screen cage which 
completely surrounds the car being tested and keeps out man- 
made static and other extraneous disturbances. The entire cage, 
including the floor immediately under it is thoroughly grounded, 
and the repair shop is in the cage as well. An installation of 



OotM'tety Radio Craft Magazim 

Fig. 27-2. — A modern test bench for anto-radio service work. A 
direct-reading tube checker is at the center. The teat panel also 
contains a test oscillator, set analyzer, volt-ohm-milliammeter, conden- 
ser tester, etc* Notice the neat straightforward arrangement of all 
the equipment, and the free bench space for working. This test bench 
is located within the test cage shown in Fig. 27-1. 

this kind makes it possible to provide proper test conditions at 
all times. Of course, it is rather elaborate, but in congested 
areas troubled with excessive noise interference, such an ar- 
rangement may be absolutely necessary. 

Figure 27-2 is an illustration of a modem auto-radio test 
bench showing the neat layout of the test oscillator^ analyzer, 
tube checker and other test instruments arranged on a vertical 
panel in back out of the way so as not to interfere with the service 
work proper. This test bench is actually located within the 
shielded test cage shown in Fig* 27-1. It should be emphasized, 
however, that even more important than a good; Sliit|ihly- 
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equipped shop is a thorough understanding of auto-radio re- 
ceivers. Their construction, installation, relatieh- to the elec- 
trical system of the car, the methods to be employ ed’in. tracking 
down and eliminating all sources of electrical interfereiEice which 
make them noisy, and their repair are vital points that the auto- 
radio service man must know all about, if he is to be successful. 

27-3. Mechanical Requirements and Construction ^Fea- 
tures of Auto-Radio Receivers. — ^The auto-radio receiver differs 
from the home receiver in some important mechanical and elec- 
trical details which are necessarily caused by its different en- 
vironment. The home receiver is intended for operation in a 
location relatively free from wide atmospheric and temperature 
changes, dust and mechanical vibration. It is also assumed that 
it is fairly well removed from sources of disturbing electrical 
interference so as to be reasonably free from such disturbances, 
and that most of any noise that is heard must come either from 
the power line or from the antenna system. Of course, all coils and 
most of the critical wiring are shielded to prevent as much of the 
direct pickup as possible. If the natural environment of the 
receiver is not conducive to such noise-free operation, suitable 
measures can be taken to make it quiet (see Chapter XXX), 

The auto-radio receiver, however, must contend with much 
worse conditions. It must withstand the almost constant vibra- 
tion and jarring of the car — even if it travels over the roughest 
country roads — ^it must be compact enough to enable convenient 
location out of the way, of both driver and passengers ; the timing 
control system must be so arranged that it can be manipulated 
from a point remote from the receiver in most cases; the design . 
of the housing should be such that the receiver may be mounted 
and dismounted with ease whenever servicing becomes necessary. 

Mechanical rigidity is secured by mounting all components 
firmly and permanently. Metal chassis are used, and the tube 
socket contacts are made to grip the tube prongs firmly to pro- 
vide good contact in spite of severe mechanical vibration. The 
outer casing of heavy metal protects the components against 
dust and the elements, provides a means for mounting the receiver 
securely in the car, and also acts as a shield to reduce direct 
pickup of radiations by the wiring or other parts of the receiver. 
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Compactness is very essential in an auto-radio receiver. As 
will be shown in a later section of this chapter, difficulty is some- 
times experienced in finding sufficient clear space where it may 
be mounted near the driver. The steering-wheel post, brake 
and clutch pedals, the emergency brake and additional equip- 
ment such as a car heater, etc. (all on the passenger side of tW 
bulkhead) reduce the available room left in the car for the 
receiver- One trouble with the older auto-radio receivers was 
that they were so large that they could not fit into the available 
spaces in those locations which were best suited for them. The 
development of the new combination high-gain tubes has been the 
largest contributing factor toward making the auto-radio receiver 
more compact, and therefore easier to install. 

Ease of installation depends upon the type of receiver and 
car ; no specific rules can be given. But regardless of the method 
of mounting, the important thing is that an auto-radio receiver 
should be designed so that it can be installed easily and with 
the least amount of mechanical labor. It is important to dis- 
tinguish between ease of installation and the amount of mech- 
anical work involved. Certain receivers may be easily installed, 
themselves, but only after a considerable amount of drilling of 
holes and moving of other parts in the car proper, has been ac- 
complished. Other receivers may be installed with little mechan- 
ical work, but what there is of it is tedious and difficult. 

Most auto-radio receivers have a built-in B-power supply 
unit which operates from the car storage battery. However, 
some of the older receivers employ a separate power unit which 
is mounted at some convenient place away from the receiver 
proper — often in the floor of the car. The same applies to the 
loud speaker. Some auto-radio receivers have built-in speakers, 
while others use separate speaker units. Each type has its own 
advantages and disadvantages, a discussion of which does not 
come within the scope of this book. Suffice it to say, however, 
^ that both types are in general use, and the radio man should 
know how to install and service both types. 

Ease of service means that the receiver must be so designed 
that the set can be removed from its moorings in a few minutes 
without detaching any of the equipment not associated with it. 
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Several means by which this can be accomplished will be de- 
scribed in Art. 27-8. The ease with which a receiver can be 
serviced depends, among other things, upon its mechanical de- 
sign. The tests of the circuits of the receiver and the servicing 
procedure are practically identical with those described for home 
receivers, in previous chapters of this book. The main excep- 
tion lies in the power supply unit. Since this is somewhat differ- 
ent from the usual type encountered in home receivers, it will be 
discussed at length in Arts. 27-53, 27-54, etc. 

27-4. Tuning Control Arrangements Employed. — There 
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Fig. 27-3. — ^A typical modern auto-radio receiver with self-con- 
tained loud speaker at the front. The remote-control tuning head s^xid 
cable are shown at the right. The speaker grille is plainly visible at 
the front of the set. 

are several general types of auto-radio receivers in use. These 
are distinguished from each other mainly by the tuning control 
and mounting arrangement used, rather than by the electrical cir- 
cuits employed (all employ the usual superheterodyne circuit) . 

Several tuning arrangements are employed in these receivers 
— all bringing this control within convenient reach of the driver. 
In the earliest, and still the most popular one, the on-off switch, 
volume and timing controls are placed in a housing called 
the controUheadf which is mounted at a convenient location a 
short distance away from the receiver proper. A typical modern 
auto-radio receiver with built-in loud speaker is shown in Fig. 
27-3. The remote-tuning control head and cable are shown at the 
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right. These controls are connected to the receiver proper by 
'flexible drive shafts between the control head and the receiver. 
These drive shafts consist of special ^^dental cables” composed 
of as many' as 45 flne steel wires twisted in a special way to form 
a flexible shaft about i/4-i3aeh in diameter (see Fig. 27-10)— one 
that' can transmit twisting effort in either direction with very 
little torsional deflection. These shafts run in flexible metallic 
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Pig. 27-4. — How the remote tuning control head of an auto-radlo 
receiver is mounted on the steering column within convenient reach 
of the driver. The flexible cables run down from the control headi 
down along the steering column to the radio receiver mounted under 
the dashboard out of the way. 

casings similar to speedometer cable housing. Their ends are 
swaged into square or hexagonal shape to facilitate their mech- 
anical connection to the driving controls at one end, and driven 
units at the other. 

Figures 27-4 and 27-5 show two different methods of mount- 
ing these remote tuning-control heads. In the former, the con- 
trol head is mounted on the steering-wheel column (see Fig. 27-9 
also), and in the latter the control head is built into the center of 
the dashboard or instrument panel of the automobile. In either 
case, tuning and other control is accomplished by this flexible 
^'noechanicaF* drive between the control knobs and the recei'ver. 

Dashboard control such as shown in Fig. 27-5 is easily 
stalled in most recent models of cars, because the instrument 
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panels of the cars are designed to receive the “control heads’ ^ 
Special tuning-head escutcheon plates which “match” the finish, 
color, and design of the instrument panels of all popular cars 
are available. Notice how well, the radio tuning control escut- 
cheon ^plate at the center of the instrument panel in Fig. 27-5 
harmonizes with everything else. 

A second method of obtaining dashboard control is provided 
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Fig. 27-6. — ^An auto-radio installation in -which the tuning and 
volume control unit is built ii]ito the center of the instrument panel 
of the car. The tuning and volume control knobs, as well as the 
tuning dial window, may be seen here. The flexible control cables 
run from this unit down behind the instrument panel to the receiver 
mounted on the bulkhead behind. 

by the type of receiver illustrated in Fig. 27-6. This has the 
tuning and volume controls built directly into one end of the 
receiver case. Note that this receiver is completely self-con- 
tained — the loud speaker, tuning control, power unit and radio 
receiver proper are housed in a single compact case. The re- 
ceiver is designed to be mounted directly under the cowl, between 
the bulkhead and the dashboard,' and to have the control units 
protrude conveniently from under the front of the dash, as 
shown. In one variation of this method, the extremely com- 
pact receiver is placed in one of the glove compartments of the 
dashboard. Operation is effected by merely opening the door 
of the compartment and manipulating the controls. 
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A third control scheme which was used in the past, but which 
has now lost favor, is to place the r-f and oscillator tubes in a 
small box mounted on the steering-wheel column and connecting 
the i-f output (a superheterodyne circuit is used) to the rest of 
the receiver placed in some convenient part of the car. This 
method has the advantage that the i-f amplifier, second detector, 
and audio amplifier unit is very small, and may be tucked in 
almost any convenient corner of the car, since flexible shafts are 
not required. However, it has many other practical disadvan- 
tages. 

In many limousines which are driven by chauffers, it is desir- 
able to have the tuning control in the rear of the car where the 
passengers may have convenient access to it. A special installa- 
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Pig. 27-6. — A single-unit auto-radio receiver designed for dash- ; 
board mounting and dashboard control. The tuning and volume con- ? 
trols are built directly into the receiver proper as shown. 

tion of this type, in which the tuning control is built into the 
arm rest of the rear seat of the car, is illustrated in Fig. 27-7. 

27-5. Electrical Features of Auto- Radio Receivers. ^ — 
Thorough shielding is one of the primary electrical considera- 
tions in the design of an auto-radio receiver. Although the 
necessity for mechanical rigidity and electrical shielding are 
closely allied, nevertheless the receiver could be designed for less 
efficient shielding with the same mechanical rigidity. Good elec- 
trical shielding demands that all seams be tightly closed, all 
covers make good electrical as well as mechanical contact, ah 
bushings be tight and snug, and all wires leading to the receiver 
be thoroughly shielded, and the shielding grounded. 
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Although the avc systems used in auto-radio receivers ac- 
complish the same general function that they do in home re- 
ceivers, they are employed here for a somewhat different purpose. 
As pointed out in Chapter XIX, the main purpose of the avc sys- 
tem in home receivers is to prevent overloading of the audio 
stages on loud signals and to maintain the output at some sub- 
stantially constant level (depending upon the setting of the man- 
ual volume control) for different stations that may be tuned in. 
The fundamental purpose of the avc system in the auto-radio in- 


PiG. 27-7. — An unusual 
auto-radio installation in 
which the tuning control 
head is built into the arm 
rest of the rear seat of the 
car. A close-up view of 
the tuning unit installa- 
tion is shown in the insert. 
The loud speaker is placed 
in one of the rear doors 
and concealed with uphol- 
stery material. Wires to 
the speaker are carried 
through the door-cheek 
strap. The radio chassis 
is in a waterproof box be- 
neath the floor boards. 


Courtesy Ma^io Ora/t Mayazine 

stallation is to prevent noticeable decrease in audio output as 
the car passes through signal fields of various strengths during 
its travels. 

Since the auto-radio receiver is used while the car is in motion , 
it is therefore natural to expect that the signal strength will 
vary as the car passes through good and poor locations. The 
change in signal strength may be very rapid — and very extreme. 
The proximity of bridges, surface cars, trucks, steel buildings, 
trees, and other large electrical conductors often lowers (and 
sometimes raises) the signal strength. It is the purpose of the 
avc system in the auto-radio receiver to automatically increase 
or decrease the sensitivity of the receiver sufiiciently to maintain 




882 


MODERN RADIO SERVICING 


CH. XXVII 


the output level substantially constant. Those who have oper- 
ated auto-radio receivers which were not provided with sufficient 
avc are aware of the widely fluctuating output levels which can 
result, and can appreciate the necessary wide range over which 
the avc system must work. In practice, this range should be 
about 40 db, which corresponds to signal level changes of 100; 
in other words, the signal received can vary between 10 and 
1,000 microvolts per meter and the avc system should maintain 
the audio output level substantially constant (provided the re- 
ceiver sensitivity is sufficient to provide sufficient output with the 
low-level input). 

In order for the audio output level to be sufficiently strong 
with an input of 10 microvolts per meter, the sensitivity of the 
receiver must be high enough to amplify this small input suffi- i 
ciently. The modern auto-radio receiver can do this easily, and 
is substantially as sensitive as the majority of home-installed 
receivers. This is contrary to a somewhat general impression 
that auto-radio receivers are insensitive; those built several 
years ago were relatively insensitive, but those manufactured 
at present are not. They must be extremely sensitive because 
of the entremely poor antenna systems they are forced to operate 
from and the fact that the signal field strength is comparatively 
weak in the city streets in which they may be operated. 

Practically all auto-radio receivers employ the superhetero-r : 
dyne circuit, because of its many important advantages. The 
only great difierence between these receivers and those employed 
in the home lies in the power units which are employed in them 
for converting the 6-volt d-c potential of the car storage bat- 
tery into smooth high-voltage potentials for the plate and screen 
circuits of the tubes. In some receivers, vibrator arrangements 
(see Art. 27-53) are employed; in others a rotating power supply 
unit is used. These will be considered later. The tubes employed 
are those of the 6.3-volt indirect heater type — ^their filaments 
being connected in parallel with each other and operated directly 
from the car storage battery. The incoming filament-supply line 
from the battery is filtered through several chokes and by-passed 
to ground by a number of condensers so "as to reduce the amount 
of interference (^ffiash^’) which would otherwise be conducted 



CH. XXVII 


AUTO-RADIO RECEIVERS 


883 


into the radio-frequency circuits by the current supply wiring. 

Due to their extremely compact construction, it is often diffi- 
cult to get to the tube sockets of these receivers for test and an- 
alysis purposes unless the receiver chassis is first removed from 
the case. The same holds true for the power unit and speaker, 
if they are built as integral units in the main receiver case. 

27-6. Specialization in Auto-Radio Work. — Most service 
men who do auto -radio work specialize in the installation of one 
or two types of receivers. These receivers, in their opinion, 
yield the most profit for the amount of installation and service 
work required. It is for this reason that the preceding details 
are given. Before a service man selects a particular make of 
receiver for his special attention, these details should be inves- 
tigated thoroughly. 

It may seem strange that mechanical details are usually of 
greater importance than electrical characteristics. The reason 
is that the circuits employed in most auto-radio receivers are 
about the same, and about the same types of troubles occur in 
them. The important problems confronting the service man are 
more of a mechanical nature — especially those concerning the 
ease of installation of the receiver and the ability of its electrical 
components such as filter and bypass condensers, resistors, vibra- 
tors, etc., to stand up under the vibration and temperature con- 
ditions existing in the car; the electrical problems such as ignition 
- noise are perhaps more a function of the type and construction 
of the car than the circuit used in the receiver. 

27-7. Locating the Receiver in the Car. — ^Perhaps the first 
thing to be done when a new receiver is to be installed is to study 
the layout of the portion of the car where the receiver is to be 
mounted. There is no standard location for the receiver proper 
if it is of the remote-control type. Of course, if it is of the direct 
tuned type, the only suitable location is under the cowl on the 
driver’s side of the bulkhead ; it can only be placed where it can 
be tuned by either the driver or a front-seat passenger. The 
presence of other wires or rods, especially the speedometer cable 
and the instruments on the dashboard may require that the re- 
ceiver be moved to the right or left of the 'fideal” location, 
but the general location of the receiver will be more or less 
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determined or “fixed’-’ by its size and construction. 

Clearance must be allowed for cowl-ventilator levers, term- 
inal strips, fuse blocks, or hot-water heaters, and special care 
must be taken not to kink the speedometer cable. It will be 
found that a car possessing a hot-water heater usually has little 
room left for the receiver proper, and a great deal of patient 
figuring may be required before a suitable “spot” for the set 
can be found. Under no circumstances should an auto-radio 
receiver ever be mounted where any metal parts of the car will 
make intermittent or imperfect contact with the receiver case. 
This is certain to cause noise when the car is in motion. Bare 
choke rods, speedometer cables, copper tubing, etc., should never 
touch the case. If this cannot be avoided, they should be well 
taped where they are apt to touch the case, so that they will be 
insulated from it. This condition is especially important when a 
directly-tuned receiver that must be tuned from the dash is in- 
stalled. In many cases it may be necessary to move the heater 
a few inches to secure sufficient room. 

Indirectly (remote) tuned sets have more leeway in installa- 
tion, although there is a definite practical limit to the maximum 
distance the control head can be placed away from the receiver. 
There are several possible locations for the receiver, once the 
control head position has been decided upon. 

Most modern auto-radio receivers are designed so that the 
speaker, power imit and receiver proper are encased in a single 
housing; in the alternative construction, the speaker is a sep- 
arate unit. In either case, the same rules for locating the proper 
position of the receiver hold. Care must be taken that the re- 
ceiver (and the separate speaker) do not obstruct any apparatus 
pn either the engine or driver side of the bulkhead. In some in- 
stances it may be necessary to shift the position of heaters, igni- 
tion coils, and certain wiring to fit the receiver in place. 

It is an excellent idea to hold the receiver against the bulk- 
head in what seems to be a good position and mark off its loca- 
tion with a piece of chalk. Then, on the engine side, locate the 
same area and note carefully if it is obstructed by apparatus. 
Cnee a good location for the receiver has been determined, the 
set Aoulid be taken into the shop for a thorough test before 
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actual installation begins. It is best to test the receiver just 
before the actual installation, as it excludes the possibility of 
anything going wrong while locating the proper place for it. 

The placement of parts on the bulkhead on older model cars 
are such that difficulty may be had in finding a location for the 
receiver. This condition existed because car manufacturers did 
not have radio in mind when the cars were designed. However, 
most recent cars are constructed so that sufficient space 
is left somewhere on the dashboard or bulkhead for the 
radio receiver. It is wise to attempt to determine where the 
manufacturer intended a receiver to be placed, before proceeding 
with the installation, as it will be found that, in most cases, that 
location will result in less noise after the installation is finished. 

It is unfortunate that no additional specific data can be given 
regarding the selection of the proper location of the receiver, 
since the design of the car and set must be considered for specific 
data to be of value. 

27-8. Mounting the Receiver and Loud Speaker. — Once 
the location has been determined, the next step is to mount the 
set in accordance with the instructions of the manufacturer. 
Here again, very little specific information can be given, since 
because of the numerous mounting arrangements employed, the 
exact procedure is different for almost every set. However, there 
are several general rules that may be followed in all cases. 

Modern auto-radio receivers are constructed so that they 
mount on the vertical part of the dashboard (on the bulkhead) 
with hook-bolts, studs, or some similar fastening. First, one or 
more holes are drilled in the bulkhead, the location and spacing 
of these holes being specified by the set manufacturer. A drilling 
template is usually furnished with the receiver. Then the receiver 
may be fastened directly to the bulkhead, or, a plate is fastened 
to the bulkhead and the receiver proper is '^hung” on this plate. 
This mounting arrangement is not the same for every receiver — 
it is mentioned here merely to supply some idea of the general 
arrangement. Those who have attempted to install early auto- 
radio receivers are well aware of the large number of mechan- 
ical problems that had to be solved before a good installation 
could he made. This is in direct contrast to the recent receivers, 
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many of which may be mounted with a single bolt, as shown in ' 
Fig. 27-8. This simplifies and speeds up the installation work. 

Some idea of a typical 1-bolt mounting arrangement can be ^ 
gained from a study of Fig. 27-8. To mount such a receiver, 
the location is first determined and the area of the rear of the » 
receiver case is marked off on the bulkhead with a piece of chalk l 
or pencil. Then the center of the arcvi is determined by draw- 
ing diagonals (lines between opposite corners) and marking their i 
intersection. A %-inch hole is drilled here. The small ‘'dash- 4 
support” plate is loosely mounted with the carriage bolt through ' 
this hole, and the nut and lock-nut are screwed on 

Fig. 27-8.— 
tail showing howi 
a typical sin«k-|l 
"bolt nioun.wxi||i 
auto-radio receif^JI 
er is fastened .tofi 
the driver^s sideJ 
of the bulkhead^ 
between the 
gine compartment 5 
and the passenger 5 
portion of the car.^ 
This view iil 
drawn looking? 
from the engine ; 
aide of the bulk? - 
head hack towarc|| 
the driver's com- i 
partment, 

(Jowtesy EC A Victor 

on the engine side of the bulkhead. The set is Kboked on over 
the head of the carriage bolt, is straightened, and then the two 
nuts on the engine side of the carriage bolt are tightened, holding 
the dash support plate and the receiver case tightly to the bulk- 
head. If the receiver is to be removed at any time for test or 
repair, the single nut and lock nut are simply loosened, and the 
entire receiver case is slid up off the head of the carriage bolt. 

In other receivers the method of mounting is slightly differ- 
ent, but most alTof them inake use of a template of one sort 
or fitnother. In the receiver just described, the ‘^template” is 
easily drawn on the bulkhead by the service man himself* 
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If the receiver contains a separate loud speaker, this should 
be mounted next. These speakers are usually designed for single- 
bolt mounting and are very simple to fasten to the bulkhead. In 
most instances, the best location for the speaker is on the bulk- 
head, to the left of, or above, the steering column. Enough room 
should be left for unobstructed foot action on the brake and 
clutch pedals. The loud speaker cable should then be connected 



Eig. 27-9. — ^A modern auto-radio control head designed for easy 
steering-colnmn mounting is shown at the left^ At the irig^ht, a special 
t^e of push-button tuning control box is shown mounted in place on 
the steering column. 

properly to the receiver in accordance with the manufacturer's 
instructions. 

27-9. Mounting the Tuning Control Unit. — ^After the re- 
ceiver and loud speaker have been mounted securely, the tuning 
control unit should be fastened in place (if a separate one is em- 
ployed) . If it is designed to be mounted directly on the instru- 
ment panel (see Fig. 27-5), a suitable hole may have to be cut 
for it. If it is to be mounted on the steering column it should 
be located a short distance under the steering wheel (see Fig. 
27-4) so as to be easily accessible, and it should not obstruct the 
driver's view of the instrument panel. A detailed view of a 
modem control-head designed for easy steering-column mount- 
ing is shown at the left of Fig. 27-9. At the right, a special 
type of push-button tuning control box is shown mounted in 
place on the steering column. 

In many of the older steering-column type control heads, a 
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clamp bracket and circular strap are fitted to the steering 
column, and the necessary bolts are put in place and tightened. 
Steering columns vary in diameter, the usual sizes being 1%, 1%, 
1 %, 1 % and 2 inches in diameter. In some units, an additional 
hole must be drilled in the strap to permit clamping it to a 
2-inch column. The proper location of this hole may be deter- 
mined after one or two trials by clamping the strap tightly with 
the hand and estimating the correct location of the new hole. 

The flexible drive-shaft (or shafts) between the tuning 
control unit and the receiver are installed next. The shaft must 
be so run to the receiver that there are no sharp kinks or bends 

p, ^ ^ 


ui-l 



Fig. 27 - 10 . — Detailed cross-section view of a typical flexible drive 
shaft used between the receiver and its remote tuning control unit 
in auto-radio installations. This shaft may be cut at any of the 
swaged joints to facilitate installation when a shaft of shorter len^b 
than that provided is required. In this way, four different cable 
lengths are made available. 

in it, and so that it does not obstruct the action of the feet in man- 
ipulating the foot pedals of the car. It is usually run down the 
steering column and fastened to it with small clamp straps pro- 
vided for the purpose. It is then bent gradually until it reaches 
the receiver. One or two such flexible shafts may be used, de- 
pending upon whether the volume control resistor and battery* 
switch are built into the tuning control unit, or whether they are 
built into the receiver and operated by a flexible cable from the* 
tuning unit. The procedure for mounting a unit having one drive 
shaft is usually the same as for units having two, and the manu- 
facturer’s data sheet should be examined for specific details on 
the shafts used in the particular receiver. 

One widely used form of flexible drive shaft contains a slotted 
end, as shown in Fig. 27-10, which is inserted into the corres- 
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ponding slot in the receiver and rotated until it engages with a 
pin in the tuning mechanism in the receiver. When it engages, the 
shaft is slid forward the maximum amount. Then the opposite 
end of the shaft is pushed through a bushing in the remote 
control unit and the set-screw tightened. After the proper ad- 
justment is secured, the remaining set-screws are tightened firmly, 
making for good electrical as well as mechanical contact. 

In many installations, it is not possible to utilize the full 
length of the shaft. Of course, a shorter shaft may be procured ; 
but when this is not feasible, the existing, shaft may be cut to 
the correct length. As shown in Fig. 27-10, the flexible shaft 
usually contains several sections, the end of each section 
being a suitable place for cutting. In order to be out, the shaft 
proper must be removed from its outer casing by removing the 
slotted coupling shown to the extreme left of the sketch. The 
shaft is then cut only at the center of the swaged j oint, selecting 
that joint which allows at least the required shaft length. Then 
the outer casing of the shaft is cut to the same length as the 
cable, and the shaft is replaced in the casing. The slotted coup- 
ling is resoldered to the end of the shaft for insertion in the re- 
ceiver bushing. Thus, it may be seen that this form of shaft 
can easily be cut to a length of 12%, 18%, or 24% inches, 
or may be used at its full length of 33% inches. 

After the receiver is properly installed and the shaft con- 
nected, the tuning knob should be turned and the position of the 
dial when the tuning condenser of the set is turned to either 
end of its travel should be noted. Readjustment of the flexible 
shaft may be necessary if the tuning dial position does not cor- 
respond properly with the end position of the tuning condenser. 

A pictorial view of a complete single-unit auto-radio receiver 
with its tuning- control head, A-battery lead and mounting bolts,, 
is shown in Fig. 27-1. The receiver is of the single-unit type 
having two flexible drive shafts and a control head for mounting 
on the instrument panel of the car. An A -battery lead is pro- 
vided for direct connection to the car ammeter post. The re- 
ceiver “bolts” on to the car- bulkhead by means of the mounting 
bolts shown. 

Many receivers have a fuse in the battery cable to provide 
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proper ^^overload" and '^trouble^' protection in the battery line. 
In. the receiver of 'Fig, 27-11, a fuse is provided as shown (inside 
the removable rubber sleeve) in the battery cable between the 
receiver and control head. This may be renewed easily when- 
ever necessary. 



®* typical auto-radio installation, 
various main units. Note especially the 
receiver by bolting it to the car bulkhead. 

flexible shafts running to it are 
ties S “fused*’ battery cable and the ^^hot” A-lead which 

goes to the car ammeter post are at the lower left. 


27-10. Connecting to the Car Storage Battery. — ^After the 
receiver (with the loud speaker) and tuning control head have 
been mounted, and connected together properly, the electrical 
connections to the car storage battery should be made. Several 5 
important precautions must be observed when making them. 

_ The electrical systems of all cars are such that one terminal J 
of the storage battery is ‘'grounded^' to the chassis and the other 
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side connects to the ignition and lighting systems. One side of 
these systems is also ''grounded'' to the car chassis to complete 
the electrical circuits (see Fig. 27-57). The "grounded" term- 
inal of the battery is connected to the chassis by a short, thick 
flexible copper braid or strap. One end of this strap is provided 
with a large lug which clamps over the terminal post of the bat- 
tery; the other end is bolted to the channel-iron frame of the 
chassis. It is essential that clean, tight connections be main- 
tained both at the battery terminals and the chassis if the full 
battery voltage is to be available and interference noise is to be 
kept at minimum value. If these terminals are found to be dirty, 
they should be dismantled and cleaned thoroughly with emery 
cloth. The battery terminal posts and the insides of the lug holes 
should then be coated with a thin film of white vaseline (do not 
use ordinary car grease) before assembling. Then they should be 
put back in place securely, connecting the battery leads from 
the receiver properly in place with them, with due consideration 
being given to the following important points. 

Either the 'positive or the 'negative terminal of the battery 
may be the one grounded to the frame of the car — depending 
entirely upon the make of the car.^ It is usually important to 
know which system is used, for in auto-radio receivers which 
employ a "synchronous" type vibrator (see Art. 27-55), either 
the receiver will not operate at all or trouble may be exper- 
ienced if the battery polarity is wrong. In most receivers of 
this type, a simple means is provided in the receiver itself for 
correcting the polarity of the input to the receiver i5-voltage 
vibrator (such as by having the vibrator reversible so that it may 
be inserted in two possible positions, etc.). On a car having 
"negative ground"’ it is necessary to withdraw the vibrator unit, 
rotate it 180 degrees, and re-insert it in the new position. If the 
car-battery polarity data is not at hand,* the service man may 
check the battery polarity with the low-reading scale of the d-c 
voltmeter in his set analyzer. This is recommended as a check in 

’‘*Nqte: a complete tabulation showing just which side of the 
car battery is grounded in all models of the popular makes of Ameri- 
can cars manufactured from 1933 to date, will he found in Section 
8 of the author's Radio Trouble-Shooter* s Rtandbook (Radio <& Tech- 
nical Publishing Co.). 
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all cases anyway when installing those anto-radio receivers which 
require a definite battery polarity for successful operation. 

In some receivers, two battery leads are provided; one is to 
be connected directly to the chassis of the car, the other one 
is to be connected to the *'hot^^ side of the battery. The 
side of the storage battery is always understood to be the side 
that is NOT grounded, regardless of the polarity of that side. 
In other cases, one lead connects to the ‘^hot^^ terminal of the 
battery, the other is fastened under the head of the same bolt 
which fastens the lug of the battery-grounding strap to the 
chassis. 

In still other cases, one of the battery leads of the set is 
to be connected directly to the car frame, and the other con- 
nects to one terminal of the ammeter on the instrument panel 
of the car. The procedure in any case is simple. If the set 
manufacturer’s instructions are followed, correct operation will 
result. The effects that a storage battery which is in poor con- 
dition will have on the operation of the receiver will be discussed 
in Axt. 27-34. The adjustment of the charging rate of the car 
generator to compensate for the increased current drain caused 
by the auto-radio set will be discussed in Art. 27-36. 

After the receiver has been connected properly to the oar 
battery, it should be turned on to see if the dial lights up properly 
and if the set functions. A slight vibration should be felt when 
the hand is held on the receiver case, and a slight hum should 
be heard in the speaker. 

27-11. Installation in Cars Provided with Built-In Anten- 
na System, — ^After the receiver has been installed and connected 
to the car battery, attention may be directed to the installation 
of the antenna system, if one has not already been provided as 
standard equipment by the car manufacturer. If the car al- 
ready contains an antenna, no further antenna installation is 
necessary, provided the one already on the car has a sufficiently 
high signal to-noise ratio to give satisfactory reception with the 
particular receiver being installed. 

The lead-in wire should be located (since it is usually run 
down through one of the hollow corner posts of the car, it will 
usually be found on the right or left hand side behind tnc in- 
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strument panel) In order to make certain that the antenna is 
not grounded to the chassis at any point, it is well to test for a 
'^direct” or ^‘high-resistance’’ groxmd between the wire of the 
lead-in and a “clean” spot on the car body. If a ’’ground” does 
exist, it must be cleared up before the antenna is used. Other- 
wise, the lead-in may be connecte'd to the antenna terminal of the 
receiver with a piece of shielded wire, as will be explained later 
in Art. 27-16. Any surplus wire should be clipped off. In this 
case the next step will be to clear up all ignition noises, as ex- 
plained in Arts. 27-40 to 27-51. 

27-12. Installation in Cars Not Provided with a Built-In 
Antenna. — ^Recent cars having all-steel (so-called “turret-top”) 
type roofs, open touring cars, roadsters, and most cars manu- 
factured previous to 1932 are not provided with a built-in an- 
tenna. If a radio set is to be installed in these cars, a suitable 
antenna system must be installed by the radio service man, at 
the time the set is put in. He should therefore know all about 
this phase of the work. 

Although there is no question but that a suitably-installed 
roof -type aerial is^the ideal type from the point of view of elec- 
trical efficiency (except in those cars which have all-steel roofs), 
its installation is not always possible nor desirable. For 
this reason, several other types of car aerials have been 
developed, but the type used in any case depends almost 
entirely upon several construction features of the car itself . 
Since the success of the auto-radio installation depends in a 
large measure upon the antenna system, we will digress some- 
what from our discussion of the actual installation procedure 
for auto-radio receivers in order to consider the various auto- 
radio antenna systems and their installation in some detail. 

27-13. Requirements of a good Auto -Radio Antenna Sys- 
tem. — ^Regardless of how or where the antenna system is placed 
in the car, there are several important facts which should be 

♦Note: Most of the sedan models made since 1934 (excepting those 
having all-steel roofs) are provided with a roof-type antenna built 
in at the factory. A chart which lists the various makes and models 
of American cars manufactured during the past few years, and tells 
whether or not they are equipped with roof antennas, will be found 
in Section 8 of the author's Radio Trouble-Shooter's Handbook (Radio 
& Technical Publishing Co.). 
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imown about the factors which influence its operation. The main 
requirements for a good auto-radio antenna system are : 

1. Large signal pickup. 

2. Ease of Installation. 

3. Small noise pickup. 

4. Ease of servicing. 

5. Durability. 

(1) There are a limited number of suitable places in which 
the aerial portion of the car antenna may be located. This limi- 
tation is necessarily imposed by the construction features of the 
car and the location of the engine with its interfering ignition 
system wiring. Regardless of the type of antenna used, one im- 
portant factor is its height. In general, all other things being 
equal, the higher the aerial, the stronger is the signal, for the sig- 
nal voltage across the primary of the antenna coil is equal to the 
product of the field strength in microvolts per meter times the e/- 
fective height of the aerial in meters."* Perhaps the ideal car aerial 
would consist of one or more wires strung between two upright 
masts mounted on the front and rear bumpers, but, for rather 
obvious reasons, this arrangement is not suitable for ordinary 
use. The next best compromise is the installation of the antenna 
in the car roof. When this is not feasible or desirable for one 
reason or another, one or two metal plates, rods, or tubes mounted 
under the running boards (see Fig. 27-24), an ‘‘undercar'^ wire 
aerial mounted under the chassis of the car (see Fig. 27-27) , or 
metal rods of various sizes and shapes mounted in various posi- 
tions around the outside of the car (see Fig. 27-23A for a wide 
assortment of ‘^under-car’^ and ‘^outside-of-car’’ aerials which 
are now in use) may be used. Of course, the *^under-car'’ types 
of aerials have weaker signal pickup than do most of the ‘^roof ' 
and ^‘outside*' types. 

(2) Ease of installation is important when an aerial system 

♦Note : It is interesting to note that the effective height of the aver- 
age roof -type car aerial is about % meter, as contrasted with 4 meters 
for the ave^rage home aerial; thus 1/16 the signal voltage would be 
obtained with the car aerial if the signal field strengths were the 
same. However, since the radio field strength in city streets is 
much lower than on the tops of the roofs of the buildings, it is evident 
ttiat the si^al pickup of the car aerial (which is in the street) suffers 
even more in comparison with the pickup of the home roof-top aerial. 
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has to be installed in a car after the car itself is finished. Some 
older types of aerials require removal of the roof upholstery 
and placement of a screen netting between the roof and the 
upholstery; others require drilling holes in the corner posts and 
other parts of the car to obtain a neat job. Then, too, the cost 
of an installation rises as the difficulty of installation rises, 
since more time is required. Therefore, the service man must 
consider the cost of antenna installation as an important factor 
in determining the total cost of installing a receiver. This item 
should be listed separately in the estimate and called to the 
attention of the car owner. 

(3) The question of small noise pickup by the antenna 
system is an important consideration that is too often over- 
looked by the service man. Interference pickup by the lead-in 
wire can be almost entirely prevented by proper location and 
shielding. However, if the aerial portion of the antenna picks 
up considerable interference from the ignition system, it cannot 
be shielded, for this would also eliminate the signal. Hence, the 
interference must be tolerated imless elaborate measures are 
to be taken to completely suppress all interference at its source 
in the car. In many cases, the service man can save himself a 
great deal of time and annoyance if he uses an under-car aerial 
instead of a roof-type aerial when installing auto-radio re- 
ceivers in makes of cars which he knows from past experience 
are notoriously difficult to "quiet down*^. Even though the sig- 
nal pickup will not be quite as great, the noise pickup may be 
greatly reduced, so that better overall performance will be 
obtained because of a higher "signal-noise’’ ratio. 

(4) Ease of servicing usually goes hand in hand with ease 
of installation. An aerial that is easily installed is usually the 
easiest to service. After the wires of an aerial have been ex- 
posed to the elements for some time, connections may become 
poor unless they have been well soldered, and reception weakens. 
This is especially true in under-car types of aerials. A poor 
antenna system causes proportionately greater reduction in sig- 
nal strength in an auto-radio installation than it does in home 
installations, for the signal strength is so low to begin with that 
any decrease is immediately apparent. In many instances (es- 
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pecially in the case of under-car aerials) it is desirable to re- 
place the entire aerial rather than attempt to repair it. 

(5) Durability is another important consideration. The in- 
sulation between the wire proper and the shielding braid on the 
lead-in is sometimes exposed to the elements, especially in under- 
car antennas which are splashed with water, mud and slush from 
the wheels of the car. This deteriorates itl The moisture and 
grime cling to the shielding and lodge between the fine wires of 
which the shielding is composed. As a result, the electrical con- 
tact between these individual wires of the shield becomes poor, the 
shielding action decreases, and reception may become noisy after 
a time. When copper mesh is used for a roof-type aerial, the 
individual fine copper wires may corrode after a time, the con- 
tact resistance between them gradually increases. Finally, the 
aerial resistance becomes so high th^t reception is weakened. 

Running-board aerials are particularly subject to physical 
damage caused by driving the car close over corner curbstones, 
the concrete "'islands'^ around the gasoline pumps at filling 
stations, through snow and ice-choked streets, and over rocky 
country roads. The chassis of modern automobiles are slung so 
low to the ground that under-car aerials of both the running 
board type and the wire type strung under the chassis are im- 
practical in rural sections where the car must often be driven 
over rocky country roads, or roads having deep wheel ruts and a 
high ''crown”. They are too often ripped off the car by some such 
projecting obstruction to be practical under these conditions. 
For city driving there is no particular objection to them from 
this point of view. 

27-14. Types of Car-Top Construction. — Since the type 
of aerial to be installed in a car depends to a degree upon the 
construction of its ''top”, the service man should be familiar 
with the various forms of "top” construction employed in cars 
especially from the point of view of possible aerial installation 
in them. Typical arrangements which have been used in Amer- 
ican cars will be considered here first. Then, details concerning 
the^ methods of installing the different forms of roof-type 
aerials in them will be present. The top of a car is gen- 
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erally understood to mean that part of the ^^head” construction 
upon which the roof rests and to which the interior upholstery 
of the car is attached. It corresponds, in general, to the roof 
beams and prelimir^ry roof sheathing of a house. 

There are six general types of top construction used in auto- 
mobiles today. These may be classified as follows: 

1. Slat tops. 

2. Poultry- wire tops. 

3. Pabric tops. 

4. Metal bow and cross-braced tops. 

5. Polding tops. 

6. ^'Turret” or all-metal tops. 

These will now be described in the order in which they appear 
above. While the folding tops do not fall strictly within the 
definition of car ^'top^^ stated above, they have been included 
here for the sake of completeness. 

(1) Slat Ty'pe Tops: These car tops are constructed of 
wood bows running transversely (as shown in Pigs. 27-13 and 
27-14), with wooden slats running longitudinally (parallel to the 
length of the car) and fastened to the bows. The top padding 
and waterproof roof material, as well as the interior upholstery, 
are supported by the slats. 

C2J PovZtry-Wire Tops: In these tops, the slats are re- 
placed by ordinary poultry (chicken) wire which is stretched 
tightly over the bows and fastened to the roof rails (the wooden 
rails around the edge of the roof) . The waterproof roof material 
and roof padding in this case are laid over the poultry wire, 
and the upholstery (headlining) is fastened to its under side. 

fS) Fabric Tops: These tops are similar to the slat-type 
tops except that strips of muslin or similar cloth are stretched 
over the wooden bows to support the waterproof material, pad- 
ding and upholstery. N’o wooden slats are used. In some cases, 
these lengthwise cloth strips are tacked to the top bows at the 
front and rear of the car only — ^in others, they are tacked to 
each bow. 

C4J Metal Bow and Cross-^Braced Tops: These tops are 
strengthened by two diagonal cross-braces running from comer 
to comer, and fastened together at the middle. These metal 



898 


MOBBRN BADIO SERVICING 


CH.XXVtl 


braces are almost always '^grounded'', being attached to the 
wooden frame of the body at the back, and to the metal frame 
at the front, 

(B) Folding Tops: Roadsters, tourijg cars, convertible 
coupes and convertible sport sedans employ a folding top con- 
struction in which canvass or some other suitable waterproof 
material is stretched and supported on wooden or metal cross 
braces which may be folded down. No interior upholstery is 
used in the tops of these cars. 

(6) Turret” or all-metal Tops: Beginning with the 19355 
models, many makes of cars are have been made with '^all-steel’^ 
tops. In bodies built by Fisher, the entire front end, from the in- 
strument panel forward, including the corner posts at either side 
of the windshield, is a single steel assembly without any back 
panel. The one piece steel roof is brought down to form tihe top 
of the steel frame around an enclosed luggage compartment. 
Quarter panels are curved to form the sides. The steel floor with 
the necessary moulding is the bottom. This is referred to as a 
^‘turret” top. All sections are electrically welded together. An- 
other method of all-steel construction flanges the sides of the 
top, and laps the flanges so that the welded connection forms 
a box trough around the entire roof. It will be noted that both 
these methods of steel construction effectively shield any radio 
aerial that may be placed inside of the top itself. This makes it 
necessary to locate the aerial at some other more favorable place' 
on the car, such as under the running boards, under the chassis^ 
on the side, or rear, or top of the body, etc. Further discussion 
of these aerials will be deferred to Art. 27-24. We will now con- ‘ 
sider the methods of installing aerials in cars having various 
types of non-metal tops, assuming that the car does not come 
already equipped with an aerial. 

27-15. Installing an Aerial in a Slat-Type Top. — Perhaps 
the best type of aerial to be installed in closed cars having slat- 
f^yp® tops is the wire-mesh aerial. This consists of a piece of 
copper screen, or galvanized iron screen that has been tinned or 
galvanized after Weaving. It is tacked to the bows in the top, 
a space being loft between it and the metal apron of the carj as 
shovm in Figs. 27-13 and 27-14; ^ The lead-in wire is soldered 
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to the edge nearest the side at which the set is to be mounted. 
To install an aerial of this type, it is first necessary to remove 
the headliner (top upholstery cloth). This is usually done by 
first removing the front moulding over the windshield, which is 
usually held in place by a few screws. The side moldings, 
which are tacked, or sometimes glued, to the side of the top, are 
then removed carefully, starting from the front and working 
toward the rear. They usually run to the back of the rear door. 
Finally, the headlining must be removed. This is held to the 



Courtesy "Jfotor" 

Pig. 27-12. — How the front moulding and side mouldings may be 
stripped back in a car in order to allow the headlining (at the top) 
to be removed for the installation of the aerial screen in the space 
above it. In this illustration, the stripping of the mouldings has been 
started at the front left post of the car. 

top by tacks on alternate bows and on all four sides of the car. 
These tacks must be removed carefully if the headlining is to 
be preserved. Again, work from the front to the rear of the car. 
These various parts are shown pulled out at the left front comer 
of a car in Fig. 27-12 in order to illustrate just how they are ar- 
ranged. 

The antenna screen which should consists of a piece of copper 
screen (or galvanized iron screen) that has been tinned or galvan- 
ized after weaving, should h^ve from 8 to 16 meshes per inch and 
should be about 3^^J^h|s>.wide. Sop^^^sse^ice men attempt 
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use ordinary screening which has not been tinned or galvanised* 
The result is that oxidization occurs, high-resistance contacts 
between the individual strands develop, and the aerial resistance 
increases rapidly with age. Measure the length of screening 
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Pig. 27-lS. — Method of installing a screen mesh aerial in a slat* 
type car top. Top and side views of the car top with the screen 
aerial installed in place are shown here. 


needed and cut it to that length, plus an additional eighteen 
inches for bending up to the sides of the bows. If the car has a 
dome light, a hole about 8 or 10 inches in diameter must be out 
in the screen so that the dome-light j&xture comes at the center 
of the hole with plenty of clearance all around it, as shown in 
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Fig. 27-13. The screen around the edges of this hole should be 
bent up and over to prevent the ragged edges from projecting 
through the headliner later. If a better job is desired, the edges 
of the screen should be trimmed with shears and all the edges 
soldered with a large hot iron. This bonds them together elec- 
trically. The dome-light wires should be separated from the 
aerial screen by several inches. This means that the dome-light 
wires should be tacked along the upper part of the nearest bow, 
(near the roof) or the screen may be cut away, parallel to the 


Fig. 27-14. — How the screen 
aerial is tacked around the 
under side of the wood bows, 
B, and then folded up tight 
against the roof fabric to 
keep it as high and as far 
away from the metal of the 
car as possible. The longi- 
tudinal slats, resting on t<m 
of the bows are clearly visible 
here. The lead-in wire is sol- 
dered to the screen at L. The 
screen aerial is S. The head- 
lining, ( interior upholstery) , 
H, has been pulled back to 
reveal the screen aerial. 
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bows, and the wiring run to the dome light in this cut-away. 
The former method is simpler, and is shown in Fig. 27-13. It 
may be necessary to lengthen and re-route this dome-light wir- 
ing before the screen is installed. The main object is to have 
as little magnetic or capacitive coupling between the dome-light 
wires and the antenna screen as possible. 

Start tacking the screen from the rear of the car toward the 
front. Tack the screen to the bow furthest back that will allow 
at least a 3 inch clearance between its rear edge and the metal 
apron. Tack the screen to the underside of each bow 
(excepting those bows to which the headlining strips are fastened) 
and fold it up tight against the roof fabric in the spaces between 
bows, as shown in the lower part of Fig. 27-13, and in the illus- 
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tration of Fig. 27-14. This gives the screen almost an extra inch 
of height. Work toward the front of the car, tacking the screen 
to the undersides of the bows, and folding it up between the 
bows, until the front bow is reached. 

After the aerial screen has been tacked in place securely, the 
lead-in should be soldered to its front edge nearest the side of 
the car at which the receiver is mounted. It should be soldered 
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Fig. 27-16. — (A) Shielded low-capacity weatherproof tubing* 
(loom). The insulated wire to be shielded is pulled through the hole 
in the center. 

(B) Shielded low-capacity cable. This cable is already supplied 
with an insulated, stranded conductor through its center. The shield- 
ing is on the outside. 

Both make excellent shielded lead-ins because of the low cap- 
acity which exists between the inside conductor (the lead-in) and 
the outside shielding braid. This capacity is only approximately 
16.6 mmfd. per foot for this particular make of cable 

to a large area of the screening, as shown in Pigs. 27-13, and 
27-14. If ordinary single- conductor stranded, insulated wire is 
used for the lead-in, it should be inserted into a piece of a good 
grade of shielded low-capacity weatherproof tubing (loom) such 
as is illustrated at (A) of Fig. 27-15. Otherwise, shielded low- 
capacity cable (which comes with the wire already inside of it),, 
as illustrated at (B) should be employed. Low-capacity shielded 
loom or cable has a very closely-woven shielding which surrounds- 
a rather thick-walled insulating tubing. Since this thick-walled 
tubing introduces quite a separation between the inside wire and 
the shielding, the capacity between them is much smaller than 
it would be if the shielding fitted closely over the thin insulation 
of the wire itself. 

The shielding on the lead-in should now be stripped for a 
distance of about 1 inch from the soldered end and securely 
taped in place to prevent any possibility of its grounding to the 
lead-in wire or screen aerial in the future. A. point on this shield 
(near the screen aerial end) should be grounded to the body of 
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the car, and the shielded lead-in should then be run down to the 
receiver. 

27-16. Installing^ the Lead-In for a Roof-Type Aerial. — 
The shielded lead-in may be run down to the receiver in several 
ways. The front corner posts of many cars are hollow. These 
present a convenient and efficient duct for the shielded lead- 
in. If they are to be ultilized, the lead-in is pushed down into the 
top of the corner post near the point where it is soldered to the 
screen aerial, and is pulled out at the bottom, near the point 
where it connects to the receiver. If the corner post is not hol- 
low, and is of wood, then the wire may be run down the side of 
the post (as shown in Fig. 27-16) and tacked to it with large, 
insulated staples. If the corner post is of metal, then the shield of 
the lead-in may be stretched tightly down the length of the post 
and supported at two points — ^near the top where the shield 
grounds to the frame of the car, and near the bottom, where the 
shield should be grounded again to the frame of the car or to 
the instrument panel. If the instrument panel is not already 
grounded (this can be checked quickly with an ohmmeter), 

scre:e:ni aerial in 
^ roof 


lead-in .soldered 

TO SCREEN AERIAL 

TO SHIELDED LEAD-JN WIRE 

Fig. 27-16. — How the shielded load-in may be connected to the 
aerial and run down the side of a front post of the car. 

grounding the lead-in shield to it may introduce motor noises. 
In this event, either the instrument panel should be grounded 
to the chassis by means of flexible copper bonding braid, or 
else the shield should be insulated with tape at the place where 
it will pass the instrument panel, and it should he grounded 
directly to the chassis of the car. 

The lead-in should be clipped off near the Ant. terminal of 
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the receiver, and the shielding should be stripped back for a dis- 
tance of about 1 inch and securely taped to prevent future 
unravelling. The lead-in wire should then be connected to the 
receiver. In all cases, the lead-in wire should be made as short 
as possible. 

In those cars which are already equipped with a built-in aerial 
and a short lead-in inside one front comer post, the lead-in must 
be extended to the radio set by adding on a piece of properly- 
soldered shielded lead-in cable. The shield of both the original 



Pig. 27-17. — Splicing: a short piece of shielded wire to an existing 
lead-in already installed in the front right post of the car. The 
shielding braid is grounded to the car frame at the instrument panel. 
If the original lead-in wire has a shielding braid, this braid must be 
'^bonded** to that of the new piece. 

cable (if it has a shield) and that of the new piece must be bonded 
together by means of well-soldered copper-braid bond, and 
grounded. This is illustrated in Fig. 27-17. 

Some interesting statistics regarding the effect of the location 
of the lead-in wire in auto-radio installations upon the noise 
voltage picked up from the engine wiring have been compiled 
by Browning and Haskins. The results of their work are shown 
graphically in Fig. 27-18. These graphs show the relation be- 
tween the “noise voltage^* (in microvolts) induced in the lead-in 
and its distance in feet from the spark plugs of the engine. Note 
how the noise level decreases as the distance between the lead-in 
and the spark plugs is increased. These curves emphasize the 
advisability of keeping the aerial lead-in as far back from the 
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engine as possible. Moving it back from the front to the rear 
of the car will greatly reduce any interference picked up by it, 
but of course it is not always feasible to keep it at the rear of the 
car. Incidentally, the graphs also show the noise level at three 
different broadcast-band frequencies. The fact that the level is 
about the same throughout the timing range of the receiver. 


Fig. 27-18,— Graphs 
showing how the in- 
terference radiated 
from the high-tension 
system diminishes as 
the distance from the 
^ark plugs increases. 
The radiation at three 
different frequencies 
is shown. Notice that 
the relation is prac- 
tically the same for 
each frequency — 
showi^ that the 
noise is of the ‘^shock- 
excitation” t 3 rpe. 



shows that the radiation from the high-tension system of the car 
is of the ‘*shock excitation” type, and, therefore, cannot easily be 
^^tuned out” completely in any simple way from the signal input 
to the receiver (see Art. 27-41). 

27-17. Finishing the Aerial Installation in the Slat-Type 
Top. — ^After the lead-in has been installed properly and the 
screen aerial is securely in place, the edges should be inspected. 
Any projections should be bent up out of the way. The final 
installation should be such that about 3 inches of clearance 
exists between the screen aerial and all of the inside metal 
framework of the car; at least a few inches clearance should 
exist between the dome-light wiring and the aerial and between 
the dome-light fixture and the aerial, and at least % inch be- 
tween the roof top and the aerial. A test for possible ''groimds” 
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should be made between the free end of the lead-in wire (before 
it is connected to the receiver) and a clean spot on the car chassis. 
This checks both the lead-in wire and the aerial at once. A high^ 
resistance ohmmeter should be used for this test, so that any 
possible high-resistance leakage that may exist will be discovered. 
The headlining should then be replaced in a manner opposite to 
the way in which it was removed (see Art. 27-15) and the job is 
finished so far as the aerial installation is concerned. 

Since the advent of the auto-radio receiver, several '‘roof- 
type” aerials have been developed in attempts to provide efme of 



Fig. 27-18A. — A typical flat type auto-top aerial which a***/ be 
inserted above the headlining in the top of a sedan. Here it is shown 
flat-coiled to a dimension of 9 x 36 inches. When it is uncoiled and 
spread out flat, it has an area of 3 x 6 feet. 

•installation and good signal pickup. Most of these aerials are con- 
structed in ways which simplify their installation in the roof of 
the car without the necessity for removing the entire headliner, 
tacking wire screens in place, insulating metal braces, etc. They 
are usuMly made flat and consist of either fine-mesh screening 
or many turns of wire wound on a form — ^the entire assembly 
being insulated by an enclosure of some sort. They may be in- 
serted above the headlining of a car after the front moulding 
has been removed and the headlining has been loosened suffi- 
ciently at the front to permit the aerial to be slipped in above 
it. A typical aerial of this type is illustrated in Fig. 2T-18A. 

27-18. Installing an Aerial in a Poultry- Wire Top. — ^The 
poultry wire used in the construction of this type of automobile 
top is not unlike the wire which is used for screen aerials; as a 
matter of fact, this same poultry wire may actually be utilizsed as 
the aeriaX for the auto-radio receiver. Since it is usually 
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grounded to the metal apron of the car, and often to the dome- 
light wiring, a test for grounds should first be made between the 
poultry wire and a clean spot on the chassis of the car, by means 
of an ohmmeter. If the poultry wire is not grounded, it is only 
necessary to solder the lead-in wire to it (as already described 
for the case of the slat-type roof) to use it as the aerial. 

If it is found to be grounded, it must first be freed from all 
grounds. This is done by removing the headliner (see Art. 
27-15) and cutting a 3-inch strip of the poultry wire away around 
the four sides. The section around the dome light should also be 
cut away so that a clearance of at least 3 inches exists between 
the dome light and the poultry wire all around (see Fig. 27-13) . 
The 3-inch strips cut away should be removed, but the remaining 
rim of poultry wire should be allowed to remain fastened. Now 
the part to be used should be checked again with the ohmmeter 
to be sure it is free of grounds. It should then be laced to the 
narrow portions remaining attached to the car with strong 
waxed cord or fish line in two or three places on each of the four 
sides, so as to support it. The cord should be pulled tight to 
hold the center portion of the screen up so as to prevent the 
top from sagging. 

The lead-in is installed in the same manner as described for 
the wire-mesh aerial (Art 27-16) and run to the receiver as 
described. A high-resistance ohmmeter should be used to test the 
entire system for grounds. The test should be made between 
the aerial and frame of the car and between the ''set” end of the 
lead-in and the frame of the car. After the test is completed, the 
headlining should be replaced, in a manner opposite to the way 
in which it was removed (see Art. 27-15) . 

27-19. Installing an Aerial in a Fabric Top. — ^The fabric- 
tops in cars are similar in construction to the slat tops, the only 
difference being in the use of strips of muslin instead of wooden 
slats running longitudinally, parallel to the length of the car. 
In some cases, the muslin strips are tacked to the bows at the 
front and back of the car only. In such cases, the wire screen 
which is to be used as the aerial is slipped between the muslin 
strips and the bows, after it has been cut to the proper length 
and width and its edges properly soldered. Of course, the dome- 
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light cut-out should be made* If the muslin strips are tanked 
to the top of each bow, then the wire mesh is installed under 
these strips and the bows in exactly the same way as was de- 
scribed for slat tops in Art. 27-16 (see Figs. 27-13 and 27-14) . 

The lead-in installation and the tests for grounds should be 
made exactly as explained in Art. 27-16. It will be found, how- 
ever, that relatively few cars are equipped with fabric tops. 

27-20. Installing an Aerial in a Metal Bow Top. — ^If the 
bows of the top are entirely of metal and bonded securely to the 
frame of the car, it is not desirable to attempt to insulate them 
from the car frame because the structure of the roof will be weak- 
ened materially. In such cases, it is also not advisable to at- 
tempt to install an individual wire-mesh aerial between each two 
bows, because the amount of bonding which would be required 
for connecting all the sections together, and the close proximity 
to the many grounded bows, would impair the signal pick-up 
efficiency of the aerial. 

It is preferable to use a “strung” wire aerial in tops of this 
kind. The headlining is removed as previously described (Art. 27- 
15) and the top cleared of all other padding that may be used. 
Then, screw eyes should be securely fastened to the inside sides of 
the wooden top frame of the car, as shown in Fig. 27-19. These 
screw eyes should be kept at least 3 inches away from the metal 
bows, and spaced about 2 inches apart. Now, starting at that 
comer from which the lead-in is to be taken (see Fig. 27-19), 
thread the end of a coil of- No. 18 rubber-covered wire through 
the first screw eye and make a small knot to hold the end fixed. 
The other end of the coil is then laced through the other screw 
eyes in turn, as shown in the sketch, until the far end is reached. 
, The wire is pulled taut and another knot made at the far end. 
The shielded lead-in is then soldered to the beginning of the aerial 
in the usual manner. Insulated staples may be used instead of 
screw eyes. In this case the wire is simply tacked to the wooden 
top frame as shown. The use of staples saves time since they are 
put in more quickly. 

The screw eyes or staples must be tight, or else the entire aerial 
will become loose in a short time. After the lead-in is soldered 
and in place, the system should be tested for grounds, and, if 
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it is found to be ungrounded, the headlining should be replaced 
as previously directed. 

27-21, Installing an Aerial in a Metal-Braced Top. — 
There are a few oars whose tops are strengthened by metal 
diagonal cross-braces running from corner to comer. They are 
fastened together at the point of intersection. These braces are 
usually grounded, being attached to the wooden frame of the 
car at the rear and to the metal frame of the car at the front. 


TO 



Pig. 27-19. — ^A "strung'^ wire aerial suitable for use in. closed 
cars having all-metal bows in their tops. The insulated wire is 
strung back and forth across the top of the car through screw eyes 
or insulated staples fastened to the wooden top frame. 

To obtain even reasonably good reception, the grounds must be 
removed from the fronts of the braces before installing an 
aerial in such tops. This can be accomplished by first removing 
the headlining as previously directed (Art. 27-15) and releas- 
ing the braces from the front of the car. The holes in the front 
brackets which hold the diagonal cross-braces to the metal 
frame of the car should be reamed out to enable the insertion 
of fibre washers and insulating sleeves. With the bolt removed, 
the insulating sleeve is slipped over it and the fibre washers are 
used to insulate the bolt head and the nut. 

The metal braces should be tested for grounds after insulat- 
ing them. If they are found to be ungrounded, a wire mesh aerial 
may be slipped between the bows and the metal diagonals; the 
wire mesh aerial should be soldered to the metal braces at several 
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places to insure positive contact so that intermittent contact, and 
resulting noise, will not occur due to vibration when the car is 
in motion on the road. 

In some cars the metal brace consists of a single transverse 
brace replacing one of the wooden bows. In this case it is not 
possible to insulate the metal bow, as this would weaken the 
structure materially. In such cases, the wire mesh must be out 
in two, and one half installed on either side of the metal brace, 
just as if the other did not exist. The two parts of the aerial 
should not come closer than 3 inches from either the side of the 
car or the metal brace, otherwise the capacity of the aerial to 
ground will be excessive and this will cause the signal strength to 
drop appreciably. The two aerials are then connected together 
with well-insulated jumpers in several places, the lead-in is in- 
stalled, and the headlining is replaced as previously described. 

27-22. Installing Tape Aerials. — A. special type of aerial 
tape has been developed for certain types of installations in cars 



Fig. 27-20. — ^Location of the lead-in hole drilled in the roof of a 
car when a tape aerial is Installed as shown in Fig. 27 ^ 21 . The lead-in 
wire IS brought into the car through this hole. 

which have slat-type or insulated poultry-wire type tops and 
where it is not desired to remove the headlining from the roof 
for some reason. The tape is ^-inch wide and is rolled with a 
solder lug at the start end. Essentially, it consists of a thin 
strip of copper or aluminum foil with an adhesive backing. 
Contraiy to^the other types of roof aerials thus far described, 
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this type aerial is designed to be installed outside of the car, on 
the outside surface of the roof fabric. It is installed as follows: 

The outside surface of the roof material of the car is first 
thoroughly cleaned of all moisture and dirt (using gasoline) 
and is left to dry (this aerial should not be installed on all-steel 
roofs). A hole large enough for the shielded lead-in wire is 



METAL APRON 
OF ROOF 


AERIAL. TAPE KEPT 
AT LEAST 3 AWAY 
FROM METAL APRON 
OF ROOF. 


Fig. 27-21. — Method of laying the tape aerial on the roof of the 
car. The lead-in is brought up through a small hole in the roof, aa 
shown in Fig. 27-20. The hole should be filled and sealed with or- 
dinary plastic roofing cement to prevent water leakage. 


then drilled in the roof of the car. This hole is drilled in the 
roof on that side of the car at which the receiver has been 
mounted, (see Figs. 27-20 and 27-21). Now, starting with the 
hole in the roof, the tape is unrolled and layed on the roof of the 
car to form the pattern illustrated in Fig. 27-21. The tape 
should be kept at least 3 inches away from the metal apron of 
the car (the standard distance for separation in auto-radio 
installations). After the tape is layed in the pattern shown, 
the lead-in is brought up through the hole in the roof and sol- 
dered to the lug provided at the start of the roll. The soldered 
connection should be made as flat as possible to avoid the form- 
ation of a large lump at the point of connection. 

After the aerial is layed in this manner, it is covered with long 
strips of adhesive tape, 1-inch wide, and flattened against the 
tape. Ordinary friction tape should not be used here as it will 
quickly dry out and strip off. Adhesive tape is much more 
satisfactory. It is necessary that all seams be tight, or else mois- 
ture and dirt will enter, the aerial will deteriorate with age and 
the resistance of the antenna system will increase appreciably. It 
may even loosen from the roof. The hole where the lead-in is 
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brought through the roof should be filled up with plastic roofing 
cement to prevent any leakage of rain through it later* After this 
cement has set, the connection near the comer post where the 
lead-in wire is soldered to the aerial should be covered with ad- 
hesive tape. Finally, the sections of the roof covered by the tape 
should be given two coats of weatherproof top dressing to prevent 
deterioration of the adhesive tape. 

This type of aerial system is not quite as good as the wire 
mesh aerial, but is easier to install and costs less. It has the 
disadvantage that it cannot be used in those tops which have 
grounded poultry wire, metal bows or braces, as the close prox- 
inaity of these braces reduces the ‘^effective height” of the aerial 
considerably, which reduces signal strength. If the tape aerial 
is desired in cars with such grounded structures, it is necessary to 
insulate the grounded parts in them for good results. However, 
in order to insulate these parts it is usually necessary to remove 
the headlining from the interior of the roof in order to reach 
them. If this must be done, the service man might just as well 
install a screen or wire aerial as directed in Arts. 27-15 to 27-18, 
for either of these aerials will give better results. 

27-23. Installing an Aerial in a Folding Top.^ — The tops 
of roadsters, touring cars, convertible coupes and convertible 
sedans are designed to fold back. Therefore any aerial which 
is installed in them must be sufficiently flexible so as not to in- 
terfere with this folding. For this reason, wire screen aerials are 
not commonly used in these tops. Either a wire aerial consist- 
ing of a long length of flexible insulated wire tucked away under 
the “pads” of the canvas top, an under-car aerial, or a “buggy- 
whip” or “fishpole” aerial may be employed instead (see Fig. 
27-23A). 

k roof aerial is not satisfactory in those cars whose tops fold 
into a metal compartment when “down”, because the aerial is 
effectively shielded by this metal compartment when the top is 
folded down with the result that the reception is greatly weak- 
ened. In these cars the other aerials are more satisfactory. 

The installation of a roof-type aerial in a folding top does 
not involve as much mechanical labor as is necessary in closed 
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cars, because there is no headlining and trimming to be taken 
out and put back. The tacks that fasten the top material to the 
front bow over the windshield should be removed first- The top 
material should then be laid back, leaving the bows exposed. 



Eig. 27-2^2. — Method of installing a wire-type roof aerial in a 
car having a folding type top. Side and top views of the method of 
installation are shown here. 

The cloth pads (quarter-deck pads) on each side of the top 
will also be exposed. Another piece of top material which matches 
that just removed should be obtained- It should be fastened in 
place over the bows and over the flaps. Next, a piece of drill cloth 
(or muslin) about 3 inches narrower than the width of the top, 
and just about as long, is obtained. Holes should be punched in 
the drill cloth in rows which are 3 inches apart, as shown in the 
lower part of Fig. 27-22, The holes should be spaced about 10 
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inches apart in each row. Now a coil of No. IS rubber-covered 
stranded wire is woven in and out through tlie holes, back and 
forth, until all the holes have been utilized, as shown. The mus- 
lin (or drill cloth) is then fastened only to the front and rear- 
bows, otherwise difficulty will be had in lowering the top. 

The side view in the illustration of Fig. 27-22 shows the suc- 
cessive layers of cloth used in this type of aerial. The covering 
resting against the bows from underneath, is the new material 


TO AERIAL 
IN TOP. 



Fig. 27-23. — How the partly-shielded lead-in is run down alone 
the side of the seat and along the floor of the car when a wire aerial 
IS installed in a car having a folding top. 

which matches that already on the car so as to hide the aerial;, 
the center material is the drill cloth or muslin into which the 
aerial wire is woven; the top naaterial is the original top material 
of the car. Thus, the aerial is protected on top and bottom by 
this additional material. The drill cloth is used merely as a 
convenient form on which the wire is supported. 

The aerial should finish up at the rear of the top, on the same 
side of the car as that at which the radio receiver has been in- 
stalled, The rear end of the aerial wire should be carried down 
along that rear comer of the top (inside of the car) and stuck in 
along the side of the seat as shown in Fig. 27-23. At the point 
where it reaches the floor, the shielding should start; the wire 
may be inserted in shielded low-capacity tubing or loom (see (A) 
of Tig, 27-15). The lead-in is to be shielded from the point 
where it reaches the floor right up to the receiver, two or three 
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places on the shield being grounded to the chassis to reduce noise 
pickup. The shielded wire may be run along the edge of the 
door opening and fastened with staples as shown in Fig. 27-23, 
from there it is run under the edge of the floor mat to the receiver. 
The top material and any disturbed trim should then be put 
back in place carefully. 

Of course, this type of aerial is more efiBlcient when the top 
is up than when it is folded down, for in the latter case its 
^'effective’^ height is reduced since it folds down close to the 
metal car body (which is the ‘Aground’' for the receiver). 

27-24. Aerials for Cars with “Turret” or Other All-Metal 
Tops. — In the “Turret” or other all-steel top construction (see 
Art. 27-14) a single sheet steel stamping replaces the wood slat 



Fig. 27-2341. — 
Twelve diiferent 
types of ' auto- 
radio aerials 
which are in pop- 
ular use. All but 
the “screen” and 
“open^' types are 
used on cars hav- 
i n g “all-steel” 
tops, since they 
are mounted on 
the outside of the 
car proper. This 
makes a wide var- 
iety of aerials to 
choose from. 


{Courteayi Ra>d/U 
M et ailing M agazine ) 


and bow, poultry -wire, fabric, and felt combinations which have 
been used for car tops, making the top of the body literally a 
complete steel enclosure. Naturally, any form of aerial installed 
inside of a top of this kind will be effectively shielded from all sur- 
rounding radio signal flelds and will have extremely poor pickup. 
Therefore, some form of aerial which is mounted outside of the 
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body — or under the I'unning boards or the chassis — must be em- 
ployed for these cars. A variety of aerials of this type will be 
found illustrated in Fig. 27-23A. They will now be studied, 
27-25. Under-Car Aerials. — ^The installation of a roof aerial 
is not always possible or desirable. From the descriptions of 
the roof aerials given in the preceding sections, it is clear that 
the cost of installation and the time consumed may not be war- 
ranted in view of the current market price of the car. Then, 
too, the car owner might not want an expensive permanent in- 
stallation as far as the aerial is concerned because he may con- 
template purchasing a new car in a few months or a year ; in the 
meantime, however, he wants radio reception in it.* 

In those cases where an aerial must be installed, but it is not 
desirable for one reason or another to install a roof-type aerial, 
one may be installed somewhere under, or on the outside of the 
car. Although all types of aerials which are installed under the 
car can properly be called *^under-car^^ aerials, it has become 
common to reserve this name for a special wire-type aerial which 



^^“24. — The location of the running board type aerial with 
respect to the running board, radio receiver and the rest of the car, 

is suspended under the chassis in some way. The type of aerial 
which consists of a metal plate, rod, or tube mounted under the 

♦Note: These problems do not 
laSS to 1935 cars which do not ha^i 
closed cars manufactured in those ye 
aerial at the factory. Of course, in 
radio service man needs to do is to 
:ran a short length of shielded wire 
(see Pig. 27-17). 


confront most owners of those 
e all-metal tops, because most 
ars were equipped with a roof 
these cases, all that the auto- 
install the receiver proper and 
to the already shielded lead-in 
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running board is usually called a “running board” aerial. We 
will discuss these types separately. 

27-26. Installing a Running Board Aerial. — ^A running 
board aerial usually consists of either a sheet of flat metal (pre- 
ferably copper measuring about 8 by 40 inches), a metal rod, or 
metal tubing, fastened to insulating supports which are in 

Fig. 27-25. — ^A 
modern under- 
the-ruuning-board 
aerial mounted in 
position. One of 
these sections is 
mounted under 
e ai, c h running 
board, the two are 
connected to- 
gether. Each sec- 
tion consists of 
galvanized heavy- 
steel tubular rods 
bonded together 
at one end. 

( Courtesy PhUco 
Radio So Telev, Oorp.'} 


turn clamped or otherwise fastened to the underside of the run- 
ning board, or to the channel iron, of the car. The location of 
this type of aerial with respect to the running board is shown 
in Fig. 27-24. A shielded lead-in wire is run from the radio 
receiver to this aerial, the shield being grounded near each end 
to the chassis of the car. In view of its relatively high ^'aerial 
to ground” capacity, it is often called a capacitor-plate aerial. 
For greater pickup, one such aerial may be used under each 
running board, both being connected together with a heavily in- 
sulated weatherproof wire at the rear. Several good forms of 
these running-board type aerials are now available (see Figs. 
27-23A, 27-25 and 27-26) . They come already equipped with a 
shielded lead-in wire, and some are encased in rubber, or water- 
proof fabric for protection. 

There are a number of wire-wound versions of the metal-plate 
running board aerial available. Som^ consist of flat forms of 
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insulating material upon which as much as 300 to 900 feet of 
insulated wire is wound. All these variations have the same 
fundamental idea — ^they tend to expose as large a conductive sur- 
face as possible to the signal wave. 

■ The relative signal-pickup efficiency and the desirability of 
running board aerial systems as compared to the other types 
will be discussed in some detail in Art. 27-28. 



Fig. 27-26. — A popular type of **Di-Fole” aerial shown installed 
in position under the running board of the car. Notice its ^^adjust- 
able construction^'. The lead-in connection is taken off from the 
*‘U*'-bend end of the tubing (as shown here). 

27-27. Installing a Wire-Type TJnder-Car Aerial. — ^As has 
already been mentioned in Art. 27-26, wires strung under the 
chassis of the car may be used as aerials. These are especially 
advantageous in cars having all-steel tops. The wire in the un- 
der-car aerial is usually strung in the form of an '^open-end” 
triangle, and is suspended by special brackets and insulators from 
the flywheel housing and each end of the rear axle of the car, as 
shown in Fig. 27-27. A spring tensipn adjuster keeps the entire 
assembly taught. About 20 feet of wire is employed for the 
aerial.* Of course specially designed brackets and insulators must 
be used with a system of this kind if the service man is to be 
able to install it quickly. 


♦Note: The performance of this type of antenna is greatly im- 
proved if a correctly-designed shielded transmission line with proper 
impedance-matching transformers is used between the aerial and 
the receiver. One manufacturer furnishes this equipment as a com- 
plete kit of parts for the aerial installation. One transformer is in- 
stated at the aerial end of the lead-in to match the impedance of the 
aerial to that of the transmission line. The , other Is installed at the 
receiver and to match the impedance of the receiver to that of the 
line. In this way, the losses usually assocli^ted with long shielded 
lead-ins are greatly reduced- The noise pickun of the lead-in is also 
reduced. 
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27-28. Comparison of Auto-Radio Aerial Systems. — ^There 
is always some question about which type of aerial works best in 
a car. In the average sedan which does not have an all-metal 
top, a good roof type aerial installed properly with a satisfactory 
lead-in gives greatest signal pickup and is to be preferred. How- 
ever, in cars having “all-metar^ tops, one of the other types, 
which are less efficient and desirable (but which must be used 
nevertheless) , must be resorted to (see Fig. 27-23A) . Best es- 
timates place the efficiency of the average under-car aerial at 
about 75 per cent of that achieved by the average top-type 
under similar conditions; however, this value varies. 

Some disadvantages of under-car and running board types 
of aerials, from the point of view of durability, have already 
been outlined in section (5) of Art. 27-13. The efficiency of 
the under-chassis types is almost directly proportional to their 
^‘effective^^ area, effective distance from the chassis, and close- 
ness to the road. The underside contour of the car strongly af- 
fects the signal potential difference which may be developed 



Fig. 27-27. — An under-car aerial system which employs a single 
copper wire arranged in triangular form and suspended by insul- 
ators and special brackets from the flywheel housing and the ends 
of the rear axle of the car. 

between the imder-car or running-board types of antenna and 
the chassis of the car. These antennas usually have poor signal 
pickup when installed on cars which have ‘transmission^' or 
“body'' projections that extend down quite close to the street 
surface. Since cars are now being designed with fenders, running 
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boards, and chassis closer and closer to the ground, the signal 
pickup of under-car aerials installed on them is often unsatis- 
factory, due to the shielding effect which these large '^rounded'' 
masses of metal have on them. 

The general trend to all-steel tops in automobiles, and the 
use of large, low fenders and running boards has resulted in 
widespread use of a variety of aerial systems external to the 
car body* (see Fig. 27-23A). Among these, first choice may be 
given to aerials of the type installed on top of the car and 
running back from the windshield- The signal pickup of these 
aerials, especially if they are mounted 4 to 6 inches above the 
surface of the car top, is approximately the same as witli a '^fisli- 
pole^’ type aerial, but their signal-to-noise ratio is better. The 
signal-to-noise ratio of the “whip’' type aerial is usually about 
the same as that of the “fish-pole” type, though its signal pick- 
up is slightly less. However, its simple installation, and the 
short transmission line necessary with it, make it preferable. 

27-29- Interference Noise. — After a satisfactory aerial and 
lead-in wire have been made available, the lead-in should be 
connected to the “Ant." terminal of the receiver. The set is 
automatically “grounded" to the chassis of the car through the 
battery lead which connects to the grounded terminal of the 
storage battery. In some auto-radio receivers (but not all of 
them) the case is also grounded. The receiver is now ready for 
its first “air test''. When it is turned on with the engine of the 
car at rest, it may be tested for signal pickup, selectivity, etc. 
In 'most receivers, an antenna-compensating condenser in the 
receiver must be adjusted in accordance with the manufacturer's 
instructions at this point, in order to match the input circuit of 

*Note: Several novel methods of picking up radio signals in an 
automobile without installing any of the common forms of aeriala 
have been used. The front and rear bumpers (after heingr properly 
insulated from the chassis proper) may be used as an aerial; the* 
trimk rack and the metal trunk itself may be used as an aerial if it 
IS insulated from the chassis; and even metal tire covers have been 
msulated, bonded, and used as aerials. Some of these expedients 
detract from the mechanical rigidity of the car only slightly. How- 
ever, these aeHals are directional in their receiving characteristics* 
because ‘i^ey are usually low and on one side of the car only. TBc 
metal body of the car (being close to them) shields them from radio* 
signals in at least one or two directions. This is aniioyingrl 
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the receiver to the constants of the antenna system installed. 

If the receiver is turned on with the engine in operation, re- 
ception will most likely be extremely noisy due to interference 
set up by the electrical ignition system of the car. In order to 
obtain quiet reception, certain steps must now be taken to min- 
imize this interference at is source. The complete elimination 
of interference from an auto-radio installation is by no means a 
simple matter in every case, for, due to the differences in the 
wiring and physical layout of the ignition system parts, the 
expedients that work satisfactorily in one make of car are not 
always satisfactory in another. As a matter of fact, so many 
conditions in the individual car itself may cause interference, 
that very often remedies which work perfectly satisfactorily in 
one car are insufficient in another of the same make and model! 

Fortunately, there are certain standard methods of interference 
suppression which do all that is necessary to eliminate the igrnition 
system interference in most cars, but some cars (especially the older 
ones manufactured a few years ago) require, at times, numerous ex- 
tra special treatments which must be resorted to in order to clear up 
all noise. Bonding of certain parts may have to be resorted to, cer- 
tain ignition wires may have to be re-routed, others may have to be 
shielded, etc. For this reason, a complete study of the problem will 
be presented here step by step. Each possible cause of interference 
will be analyzed in detail, and the most effective suppression method 
for it will be given. The causes which are most common will be 
treated first, then consideration will be given to the more ‘‘difficult” 
ones which are found only in certain models of cars, or “occasionally” 
in particular individual cars which prove to be exceptions. 

The elimination of interference is probably the most difficult 
problem which the service man encounters in the installation of 
auto-radio receivers. So many of the problems which arise are 
intimately tied up with the entire electrical system of the car, 
that it is extremely important for him to be on intimate terms 
with the entire system both as regards its general theory of 
operation, its actual construction, and the effects which changes 
he may have to make on it (in order to eliminate all interfer- 
ence in the radio receiver) will have on its performance.* It is 

*Note: In Section 10 of the author's Radio Trouble-Shooter* 8 
Handbook, the complete electric wiring diagrams for many models 
of various American cars are presented for reference purposes- An 
analysis of these diagrams will prove to be a very instructive and 
helpful supplementary study to the data which will now be presented 
here, since they show not only the wiring of the ignition system, but 
all other electrical wiring on the various cars. 
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for this reason, that considerable space will be devoted here to 
a presentation of the elements of common antomobile ignition 
system arrangements, their operation, and care. 

27 "30. External Interference. — ^Interference may be caused 
both by sources within the car and others external to it. The 
former may be termed ‘^internal interference^' and will be dis- 
cussed in detail in the following sections; the latter requires little 
comment, as nothing much can be done about it by the service 
man. Assuming that a receiver is working normally in a given 
installation, it may be noisy at intervals because of interference 
picked up by the antenna system from the ignition systems of 
other passing vehicles (especially trucks and busses), electric 
signs, electric surface cars, electric subway systems under the 
street, leaky insulators in various types of power lines in the 
vicinity, etc. In fact, any device that can cause interference in 
a home-installed receiver will create interference in an auto- 
radio installation if its interference radiations reach the antenna 
system of the auto-radio receiver with sufficient strength. 

As mentioned previously, nothing much can be done about 
this condition by the service man. In most oases, this external 
interference picked up is of a temporary natxire, since it is as- 
sumed that the car is in motion and will move away from the 
source of interference in a short time. All that the service man 
may he interested in, is testing to find out definitely whether in- 
terference which is present in an auto-radio installation is due to 
exterftal sources such as these or to some source within the car 
self. Two tests for determining this will be discussed in Art. 
27-49. For the present, we will assume that the radio receiver 
with its tuning control, and the aerial and lead-in have been 
properly installed, and that the set is found to be very noisy when 
the car engine is running. The next step is to suppress the inter- 
ference created by all the usual electrical disturbances within the 
car itself. We will now consider the sources of these disturbances, 
starting with the ignition system of the automobile. 

27-31. Operation o£ the Gasoline Engine. — ^The operation 
of gasoline engines such as are used in all modem automobiles 
is based upon the fact that when a mixtiure of gasoline vapor hnd 
, air is compressed and ignited, the burning gases hecome hi^ly 
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heated, and tend to expand suddenly (an explosion really takes 
place). If they are confined within a suitable container while 
doing so, they exert a considerable pressure which can be utilized 
to do work. Since the heating or combustion takes place inside 
the engine, it is called an internal combustion engine. If the 
gases are compressed into a small space before being ignited, 
much more power is produced due to their expansion when igni- 
tion occurs. 

In the automobile engine, there are a number of specially con- 
structed cylinders (4-, 6-, 8-, 12-, 16-, etc.) in which this com- 
pression, ignition and consequent expansion of the gases is made 
to take place in a definite sequence so that the power produced 
may be directed to do the greatest amormt of useful work. A 
simplified cross-section view of one of these is shown in Fig. 
27-28. It consists of a strong metal cylinder C (a water jacket 
surrounds it for cooling) which is open at its lower end. Inside 
of this is a close-fitting metal piston, P, which is free to slide up 
and down while remaining tight against any leakage of gas 
past it (through the use of expanding piston rings. It). The 
cylinder is mounted on a base or crankcase, K, in which is a 
crankshaft, S, which is arranged to rotate in bearings. A crank, 
F, forms a part of this shaft. To the crank Js attached a con- 
necting rod, H, the lower end of which is free to turn on the 
crank. The upper end of the connecting rod is pivoted to the 
piston by the wri^t-pin TV. A spark plug, P, screwed into the 
upper closed end of the cylinder contains two electrodes sep- 
arated from each other by a short gap, and insulated from each 
other (see Fig. 27-50). One of these electrodes grounds to the 
metal of the cylinder. An inlet valve, I, is provided for allow- 
ing the fresh mixture of air and gasoline vapor to enter the cylin- 
der ; an exhaust valve, E, allows the burned gases to escape after 
they have expanded sufiiciently. 

Let us assume that the engine is to be started. The self- 
starter motor causes the crankshaft to turn. Assume that the 
piston is on its way down to start its ^‘intake*’ stroke. Inlet 
valve I opens automatically and allows the suction created by 
the receding piston to draw in a mixture of gasoline vapor and 
air which has been mixed in the proper proportions by the car- 
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buretor to form a liighly-explosive mixture. This is the intake 
or suction stroke. 

When the piston reaches its lowest position in the cylinder, 
the inlet valve closes. The piston then travels up to a point close 
to, but not quite touching, the ''head'' of the cylinder, thereby 
greatly compressing the gas mixture so that only a flame or spark 
of some kind is required to explode it. This is the compres.^ion 
stroke. At the instant that the piston reaches its top position ( or 
a fraction of a second before this position is reached) , 



INTAKE COMPRESSION (EXPLOSION) EXHAUST 


POWER 

Pig. 27-28. — Cross-section view of a cylinder of an automobile 
engine showing the main parts. The positions of the valves and pis- 
ton are shown for the four main strokes of the piston which are 
necessary to complete one full cycle of events. An electric spark, 
properly timed, is necessary to igrnite the compressed gas. It is the 
electrical apparatus used on the car to generate and time this spark 
that causes most of the electrical interference in the auto-radio set. 

a high-voltage electric current is sent to the spark plug by the 
electrical ignition system oj the car, causing an electric spark to 
jump the short gap between the two electrodes of the spark plug. 

This spark ignites the highly compressed gas mixture, causing it 
to explode and expand with terrific force. Since the walls of the 
cylinder are built to stand this explosive force, the only thing 
that can move Is the piston. This does move down, forcibly, 
driving the crankshaft around while doing so. 

When the piston has reached the end of this power stroke 
it is “driven'’ up again by the influence of the inertia which has 
been stored in the fly-wheel of the engine on the “downstroke". 
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The exhaust valve, E, opens automatically, allowing the piston 
to push the burned gases out through it. At the end of the ex- 
haust stroke, the exhaust valve closes, the inlet valve opens, 
and the process or '^cycle” repeats itself over and over again. It 
is evident that four individual strokes of the piston (two down, 
and two up) go to make up the full cycle of events. Hence it is 
called a four-stroke cycle engine. This piston makes four strokes 
(the crankshaft makes two revolutions) for one discharge of the 
spark plug in any cylinder. The entire series of events, admis- 
sion — compression — explosion (expansion) — and exhaust take 
place in a very short time in an automobile engine running at 
normal speed. For instance, in an engine running at 3,600 revo- 
lutions per minute, each spark plug fires 1,800 times a minute, 
or 30 times every second! 

The automobile engine actually has a number of these cylin- 
ders, all similar and all operating together continuously. How- 
ever, in order to get a smoothly distributed power output, all of 
the cylinders do not go through the same parts of their cycles 
simultaneously. Thus, while cylinder No. 1 is firing, cylinder No. 
2 may be completing its compression stroke, cylinder No. 5 may 
be exhausting, etc. The order in which the cylinders fire is 
called the ^‘firing order’\ The common ^'firing orders^^ employed 
in modern automobile engines are as follows: ^-cylinder engines 

1- 3-4-2; 6-cylinder engines 1-5-3-6-2-4; 8-cylinder engines 1-6- 

2- 5-8-3-7-4, or 1-5-4-8-6-3-7-2, or 1-4-7-3-8-5-2-6, or 1L-4R-4L- 
2L-3R-3Lf“2R-lR*, 12-cylinder engines 1L-2R-5L-4R-3L-1R-6L- 
5R-2L-3R-4D-6R, or 1R-6L-5R-2L-3R-4L-6R-1L-2R-5L-4R- 
3L; 16-cylinder engines 1L-2R-5L-6R-2L-8R-6L-4R-8L-7R-4L- 
3R-7L-1R-3L-5R. 

From this simple discussion, it is evident that the electrical 
ignition system performs a very vital function in the operation of the 
engine. Its duty is to supply a high-voltage current to the various 
spark plugs in the engine (in turn), in the proper firing order, and 
at the exact instant that the piston in the cylinder in which the 
explosion is to occur has reached the top of its compression stroke. 
If the spark occurs in a cylinder appreciably bef ore the piston reaches 
the end of this stroke, the force of the explosion will tend to drive 
the piston back against its natural motion; if the spark occurs after 
the piston has reached the end of the compression stroke and has 
already started moving downward, the gas in the cylinder will have 
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already expanded somewhat by the time the spark occurs, with the 
result that less power will he derived from the explosion. Hence, 
the necessity for correct split-second timing of the spark, and for 
proper distribution of the high-tension spark current to the various 
plugs in the proper firing order. The exact “^timing” is accomplished 
by the combined action of the timing gears, breaker points and 
breaker^oint cam; the ^^distribution” of the high-tension spark cur- 
rent to the spark plugs in the proper firing sequence is performed 
by the distributor. These names should be remembered, as they 
will be referred to repeatedly. 

27-32. Operation of the Automobile Ignition System. — 
A high voltage is required for ^^jumping^^ across the gap between 
the electrodes in the spark plugs in order to the compressed 

charges of gas in the cylinders. The only source of current 
supply on the car is the 6- or 12-volt storage battery. Con- 
sequently, this low- voltage d-c must be stepped up to the high 
voltage necessary. This is accomplished by a mechanical circuit 
interrupter mechanism (called the ^^breaker”) connected in series 
with the storage battery, ignition switch and the primary wind- 
ing of a step-up transformer called the ‘^ignition coi^^ The fun- 
damental circuit arrangement is shown in Fig. 27-29. The car 
chassis acts as the ^‘ground return^' circuit for the current to 
return to one terminal of the battery. 

The interrupter or breaker mechanism is important. One con- 
tact point is mounted on a metal arm, and is held normally closed 
against another adjustable contact point by a tension spring on 
the arm. At the center is a cam which is rotated by the engine in 
synchronism with the crankshaft. When the cam rotates, its lobes 
(corners) press against a rubbing block of insulating material 
fastened to one side of the breaker arm, pushing it out and caus- 
ing the two contacts to separate quickly, thus rapidly interrupting 
the primary circuit of the ignition coil. When the fiat faces of 
the cam rest against the rubbing-block, the arm is not pushed 
out, and the breaker contacts touch each other, thus closing 
the circuit. This rapid interruption of the low-voltage battery 
current which flows through the primary winding, P, of the igni- 
tion coil, causes a very high voltage to be Induced in the second- 
ary winding^ S, by “transformer action* ^ Since the secondary 
winding contains thousands of times as many turns of wire as 
does the primary, there is a great step-up in voltage. In this 
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way, a current of sujQScient voltage to jump the gap in the spark 
plug is obtained from the 6- or 12-volt battery in the car. A 
small condenser, C, able to withstand high voltage is connected 
directly across the breaker points. It serves to greatly intensify 
the voltage induced in the secondary winding, and also reduces 



Fig. 27-29. — Fundamental circuit arrangement of an ignition 
system for a 6-cyIinder car. The breaker points and distributor are 
actually built into the same housing — one above the other. The 
breaker cam and distributor arm are rotated by the same shaft. 

the sparking which occurs at the breaker points due to the open- 
ing and closing of the primary circuit. 

The secondary or “high-tension’^ circuit of the ignition coil 
contains a rotor arm, R, and distributor cap which is made of 
bakelite. The cap has moulded into it a number of contact 
points (similar to switch points used in radio) — one for every 
cylinder in the engine. The rotor arm connects to the high- 
tension end of the secondary winding, S, of the ignition coil, and 
each distributor point connects to the top terminal of a spark 
plug in the engine. The other end of the spark plug is grounded 
through the frame, and the other end of the secondary winding 
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is grounded through the battery circuit. Thus, the rotor arm and 
each distributor contact, in turn, are in series with the high volt-^ 
age and a spark plug, in turn. Stated in another way, the rotor 
makes contact with one point at a time while it is being rotated 
by the engine, and the spark plug which is connected to a par- 
ticular point is the one that receives the high voltage at that 
instant. The function of the rotor arm, therefore, is to distribute 
the high voltage necessary for the firing of the plugs to them at 
the proper instants and in the proper firing order. The spark 
plugs and distributor terminals are marked with numerals in Fig. 
27-29 to correspond with each other. 

The motion and position of the breaker arm and the dis- 
tributor rotor arm are so related that, at the instant when the 
breaker arm and breaker points open the primary circuit and 
so induce a voltage in the secondary, the distributor rotor arm 
is making contact with the particular contact point which leads 
to the spark plug that is to be fired at that instant. The in- 
duced current then flows into that pairticular spark-plug and the 
gas is ignited in that cylinder. 

The general theory of operation, then, may be summarized as 
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Fig. 27-80. — Interior of a typical automobile igrnition coil. Sev- 
eral external connection arrangements which are employed are shown 
in Fig. 27-81 to 27-35 inclusive. 

follows. The ignition switch is closed and the motor is turning 
over. This means that the breaker arm is opening and closing 
the breaker contacts at a certain, predetermined rate. When the 
breaker points open the primary circuit, the primary current in 
the ignition coil drops; this induces a high voltage in the sec- 
ondary. At this same instant^ the rotor arm is in position to 
touch a certain contact point connected to a spark plug; this 
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spark plug therefore receives the high voltage generated by the 
secondary, and it fires the compressed gas in that cylinder. 

The interior arrangement of a typical ignition coil is illus- 
trated schematically in Fig. 27-30. It consists, essentially, of a 
laminated iron core on which is wound a primary coil of rela- 



Fig. 27-31. — The simplest t;^pe of automobile ignition system is 
shown here. A single ignition coil and a breaker cam having as many 
lobes as there are cylinders (six in this case) axe employed. 

tively few turns of thick insulated wire (to have low resistance) 
whose ends are brought out to two terminals. Over this, is a 
secondary winding consisting of thousands of turns of very fine 
wire wound in layers insulated from each other by waxed paper. 
One end is brought out to a ‘‘cup” terminal on the head of in- 
sulating material at one end of the coil. The other end goes to 
the common low-tension terminal which leads to the battery 
and eventually to the chassis. The entire coil assembly is im- 
pregnated and sealed into a waterproof metal case, as shown. 

27-33. Typical Ignition System Arrangements. — Several 
breaker and distributor arrangements are employed in American 
cars- Of course, the order of the connections between the dis- 
tributor cap and the spark plugs depends on the firing order 
employed — this, in turn, depends upon the number of cylinders 
in the car. Several typical breaker, coil and distributor circuit 
arrangements which the auto-radio service man will encounter 
are illustrated in Figs. 27-31 to 27-35 inclusive. These will now 
be analyzed in detail. 
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Tke BhtownL ia Fig. 27~S1 is the simplest type. The 

breaker earn has six lobes, one for each cylinder, and one breaker 
atm. For a 4-cylitider oar there would be four lobes, for an 
S-oylinder car there would be eight, etc. This is the simple 
straightforward arrangement shown schematically in Fig. 27-29. 

In the arrangement shown in Fig. 27-S2, the breaker cam 
has as many lobes as there are cylinders, but there are two 
breaker arms. They are connected in parallel but are set so 
that one opens slightly later than the other. Therefore one 
breaker opens the circuit each time and the other one does the 
closing. This system is advantageous in cars having high engine 
speeds. It allows the ignition coil a little more time to build up 
the high voltage, and gives better performance at the high engine 

Pig. 27-82. ■— 

The igrnition sys- 
tem shown here 
uses a breaker 
cam having as 
many lobes a s 
there are cylin- 
ders (eight i n 
this case) and 
two breaker arms 
in parallel. One 
set of breaker 
points opens 
slightly later 
and clOseB an in- 
stant later than 
the other. 



speeds where the breaker points are opening and closing very 
rapidly. ® 

The a^angement shown in Fig. 27-33 is similar to the one 
breaker arms are used, but it differs 
m that there are only half as many lobes on the breaker cam 
as there are cylinders in the engine. In this system, the breaker 
ams operate alternately, one arm opens and closes the coil 
cylinder, the other arm does Ukewise for 
^ ne:rt cylmd^ Thus one arm op«ns and closes its breaker 

ITf? Z does likewise 

foe the-ofcber half. With this arrangement, each arm only makes 
half as many movements, and each set of breaker confects opcr- 
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ate only half as frequently as in the other two systems already 
described. 

In the system shown in Fig. 27-34, the breaker cam has half 
as many lobes as there are cylinders, and there are two breaker 



Fig. 27-33. — Two 
breaker arms are 
used in this Ignition 
system. There are 
half as many lobes 
on the breaker cam 
as there are cylin- 
ders. One breaker 
arm fires half the 
cylinders; the other 
arm fires the other 
half. 


arms. Tw'o ignition coils are also used, one for each set of 
breaker contacts. This system is really similar to the one just 
described, excepting that the two coils are used instead of one. 
Here, each coil and each set’ of breaker points serves for half the 


Fig, 27-34. — An 
ignition system in 
which two ignition 
coils are employed — 
one for each set of 
breaker points. 
There are half as 
many lobes on the 
cam as there are 
cylinders. Each of 
the two high-tension 
circuits serves half 
the cylinders in the 
engine. 



cylinders in the engine. The arrangement shown here is that 
for a 12-cylmder engine. 

The arrangement shown in Fig. 27-35 is used for dual-igni- 
tion systems, i.e., systems in which each cylinder contains two 
spark plugs which fire simultaneously. The breaker cam has as 
many lobes as there are cylinders, and the two sets of breaker 
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points are set to operate simultaneously. However, they are 
connected to separate ignition coils. The high-voltage secon- 
daries of the coils lead out to two rotor arms in the distributor 
head. These rotate together but are insulated from each other, 
so that the current from each coil is led into a separate contact 
in the distributor cap. The contacts are so arranged (16 con- 
tacts for an 8-cylinder engine are shown here) that the two 

Fig. 27-86. — ^An 
ignition system 
similar to that 
shown in Fig. 
27-84, excepting 
that the breaker 
cam has as many 
lobes as there are 
cylinders, and the 
breaker joints 
open simultan- 
eously. A double- 
arm distributor 
rotor is used. Two 
plugs in each cyl- 
inder fire simul- 
taneously. This 
arrangement i s 
used in *^*dual” 
igmition systems. 

spark plugs in each cylinder are fired simultaneously, each being 
supplied with current from a separate ignition coil. 

27-34. The Car Storage Battery. — ^The storage battery in 
the car has many duties to perform. Its primary functions are 
to operate the self-starter motor and to operate the ignition sys- 
tem of the car when the engine is running at low speed (at high 
speed the generator supplies this current) . Dujfing recent years, 
however, a number of secondary fimctions such as the operation 
of the various lights, horns, cigar lighters, electric windshield 
wipers, electric defrosters, electric gas and oil indicators, heaters, 
etc., have been forced upon it. In addition to these, it performs 
the important function of supplying both A and B power for 
the operation of the auto-radio receiver. 

All of these fimctions impose a severe drain on the battery, 
especially during the winter months when the lights, heaters, 
etc., are used rnore, and less opportunity is afforded the battery 
for re-charging because the car is driven less. It is unfortunate 
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that modem automobiles are not provided with larger generators 
and batteries — ^units of sufficient capacity to meet the increased 
current drain now imposed on them. When it is considered that 
the average car battery has a capacity of about 100 ampere-hoius, 
and that the radio receiver alone draws about six or seven am- 
peres (six or seven ampere-hours per hour), it will be readily 
appreciated that precautions must be taken to keep the battery 
fully charged at all times. A storage battery is generally con- 
sidered as requiring charging when about 50% of its capacity 
has been used up; this leaves about 50 ampere hours available 
for all purposes. Purthermore, in cold weather, when the en- 
gine is cold and stiff and must be turned over a number of 
times before it starts, the battery must be at least 80% fully 
charged to deliver the necessary 100 to 200 amperes required to 
operate the self-starter motor. If the battery is allowed to be- 
come fairly well discharged, especially if it is an old battery, 
its internal resistance will increase greatly. This often causes 
coupling effects which result in noisy operation of an auto-radio 
receiver that may be normally quiet in operation when the 
battery is well charged. The battery terminals should always 
be kept clean, and its cells should be kept filled with distilled 
water to a level %-inch above the tops of the plates. 

27-35. The Generator and the Cut-Out. — TsTaturally, the 
storage battery must be maintained as consistently near the fully- 
charged condition as possible, despite the many current drains on 
it. The source of charging current is the generator, which is 
driven by the engine. This usually produces a potential of 6 to 8 
volts d-c, and a current as high as about 20 amperes. This gen- 
erator is of the shunt type and contains a fixed field electromag- 
net and a revolving armature having 3 brushes resting against 
its commutator (the reader is referred to the Madia Physics 
Course by Ghirardi, or to any electrical textbook for a discussion 
of the theory of operation and construction of d-c generators). 
Two of the brushes are used for the d-c voltage for charging the 
battery ; the third is used for altering the charging rate (voltage 
output) of the machine. The schematic circuit diagram of a 
generator of this type is shown in Fig. 27-36. 

When the car travels very slowly, the engine and generator 
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rotate slowly and the voltage of the generator falls below that of 
the battery. When the engine is stopped altogether, the voltage 
of the generator is zero. Under these conditions, the battery 
would discharge back into both the armature and field coils of 
the generator (thereby discharging itself and possibly ruining the 
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Fig. 27-36. — The low-tension battery and generator circuit of 
an automobile. The location of the main brushes and the third brush 
of the generator is shown. The cut-out relay is mounted on top of 
the generator. 


generator) if it were not for an automatic switch, called the cut- 
out which is connected in the circuit between the generator and 
the battery to close the circuit when the generator voltage is high- 
er than that of the battery, and to open the circuit when the gen- 
erator voltage falls below that of the battery. This protects 
both the battery and the generator. As shown in Fig. 27-36, the 
cut-out consists of a heavy current-coil and a pair of contacts 
connected in series with the circuit between the ungrounded main 
brush of the generator and the ungrounded terminal of the 
storage battery. There is another shunt coil composed of a 
larger number of turns of fine wire shunted across the generator 
output circuit. The magnetism of both of these coils acts on the 
magnetic arm which carries one of the contacts. As long as cur- 
r^it flows from the generator to the battery the magnetism of 
both coils is of such polarity that they aid one another and the 
contact arm is held down, thereby keeping the circuit between the 
battery and generator closed. As soon as the battery attempts 
to discharge back into the generator, the current through the 
current-coil reverses and the polarity of its magnetism is now 
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such that it bucks that of the shunt coil (whose current is still 
in the same direction) thereby releasing the contact arm which 
is pulled away by a spring — opening the contacts. As soon as 
the generator voltage gets high enough, the shunt coil pulls the 
arm down again and the generator current flows through the con- 
tacts into the battery. Thus, the cutout acts as an automatic 
switch. When its contacts are open, the battery operates the 
ignition system, auto-radio receiver, etc., and the ammeter on the 
dashboard indicates '*discharge’\ When its contacts are closed, 
part of the current from the generator operates these devices, and 
the rest charges the battery. The ammeter then indicates *‘charge’^ 
27-36. Increasing the Generator Charging Rate. — ^After 
the auto-radio receiver has been mounted in the ear and con- 
nected, the generator charging rate must be increased by 
the radio service man to compensate as nearly as possible for 
the increased current drain imposed on the storage battery by 
the receiver- The ideal charging rate is the lowest rate which 
will maintain the battery fully charged on an average- Over- 
charging the battery is undesirable, as it will greatly shorten its 
life and at the same time tend to overheat the generator. Of 
course the correct charging rate which will maintain the battery 
in fully-charged condition depends upon how much the radio set 
is used, the mileage driven, the speed (fast, or in traffic) , the 
time (day or night) when most driving is usually done, and the 
season (summer or winter). The charging rate must also be 
changed to suit the summer and winter operating conditions 
of the car (higher charging rate in the winter) . 

The radio service man must make an approximate guess as 
to the correct value required (after questioning the owner re- 
garding the foregoing driving habits) and re-adjust it later if it 
proves to be too high or too low. A 10-ampere charging rate is 
the normal value for average driving conditions before an auto- 
radio set is installed. After its installation, the rate should be 
increased to about 15 amperes. Since most cars employ the 
'‘third brush method^' of voltage regulation to keep the gen- 
erator voltage sensibly constant over quite a wide range of 
speed, this type of generator will now be considered — especially 
since the charging rate of the battery has to be adjusted by 
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adjusting the position of this third brush with the commutator. 

The third brush method of regulation is universally used 
because of its simplicity and because of the lack of any moving 
parts. The theory of operation is not difi&cult. The third brush, 
located between the two main brushes, as shown in Fig. 27-36, 
picks off part of the generated d-c voltage by virtue of its con- 
tact with the commutator. As the engine speed increases, the 
voltage generated by the armature increases, and, consequently, 
the voltage between the third brush and ground also increases. The 
increased current flowing through the third brush circuit in the 
armature creates a magnetic field in the armature which bucks 
the field caused by the main field coils, thus decreasing the gen- 
erated voltage. Thus, at some definite speed, the generated volt- 
age stops increasing, and keeps practically constant over a con- 
siderable range of speed. At much higher speeds, it starts to 
decrease. Continued increase of the voltage is thus prevented. 

The holder for the third brush is moimted on a movable plate 
located inside the commutator-end portion of the generator 
bousing. This plate is usually held in place by a clamp which 
:s tightened by a small locking screw located either inside or 
outside of the generator housing. To increase the rate of charge 
of the battery, this locking screw should be loosened and the 
movable plate, on which the third brush is mo\mted, should be 
moved in the direction of rotation of the commutator. To de- 
crease the charging rate, the plate should he moved in the direc- 
tion opposite to that of rotation. The locking screw should then 
be tightened to prevent the third brush from ^'creeping'' around 
the commutator when the car is in operation. 

It is best to make adjustments with a good ammeter con- 
nected in the circuit between the cut-out and the battery (see 
Fig. 27-36). Although the car ammeter may be used, better 
results will be obtained with an accurate external meter, as those 
foimd on cars are not made to be extremely accurate since their 
purpose is more to indicate approximate charging and discharg- 
ing rates than the correct amoimt of current that is flowing. A 
good rule to remember regarding this adjustment is that, with 
the car ^oing at approximately 40 miles per hour, there 
should be no change or discharge indicated on the afnmeter with 
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the dim headlights and radio set turned on. This rule, 
however, is not valid for all cases. The best course to 
pursue is to check the condition of the battery with a hydro- 
meter; then advance the charging rate as per the instructions 
given and allow the owner to use the car and auto-radio set 
normally for about two weeks. After that period, the condition 
of the battery should be checked again with a battery-testing 
hydrometer and the rate of charge increased or decreased as 
conditions dictate. One other precaution should be kept in 
mind — the charging rate should never be set to exceed that speci- 
fied for the particular generator used. On the other hand, if it 
is not possible to bring the charging rate up to that required to 
keep the battery charged, even though the full output of the 
generator has not been exceeded, then the small series resistor 
(usually about one ohm) which will usually be found connected 
in series with the field coil should be removed. If, upon remov- 
ing this resistor, the charging rate is too high, then it should be 
replaced by another of about one-half ohm and having sufficient 
current-carrying capacity. 

Suppression of interference that is created by the generator, 
the cleaning of the commutator, and re-fitting of its brushes will 
be considered in Arts. 27-39 and 27-40. 

27-37. Automatic Generator Voltage Regulation. — ^With 
the increased use of heaters, electric fans, cigar lighters, auto- 
radios, etc., the load imposed on the car battery has in- 
creased considerably in the last few years. As a result, the simple 
third-brush system of control of the charging rate used on most 
inexpensive cars has been found to be inadequate. The charging 
rate which is often set by a repairman who does not know the 
requirements, will probably be either too high or too low, and the 
battery will either be overcharged or allowed to run down. Thus, 
an increase in the charging rate when the battery is low and a 
decrease when the battery is high has become important. This 
-cihould be performed automatically by a device in the generator. 

There is a method of accomplishing this end (by ‘Voltage 
regulation^*) .which was used in some of the first generators. A 
contact cuts a^resistance in and out of the field circuit rapidly 
enough to maintain a constant voltage. If the voltage of the 



988 


MODERN RADIO SERVICING 


CH. XXVII 


generator is kept constant, the rate of charge of the battery will 
automatically increase when the battery is low, because the bat- 
tery voltage (which bucks the generator voltage) is lower; and 
the rate of charge decreases when the battery charge is high, 
because the voltage of the battery is higher. Therefore, if the 
current drawn from the battery is not greater than the capacity 
of the generator, the generator will keep the battery up. Some 
models of Hudson, Chrysler, De Soto, Dodge, Plymouth De 
Luxe, Hupmobile 8, and Terraplane have employed this system. 

Another system which has been used employs the third brush 
principle supplemented by a bi-metal thermostat. When a pre- 
determined temperature of 165® F or 200® F is reached in the 
generator, the thermostat opens, cutting a resistance into the 
shunt-field circuit, thus decreasing the current output and there- 
by protecting the generator from overheating. Resistances of 

%; 1 or ohms are used for this purpose, the size depend- 
ing upon the type of operation to which the generator is to be 
adapted. As soon as the temperature drops to normal, the con- 
tacts of the thermostat close, thus shorting out the resistance. 
This system allows a high charging rate when the car is driven 
over short distances, especially in cold weather. The thermostatic 
cutout has been used on Auburn 12, Buick, Cadillac, Duesenberg, 
Franklin, Marmon, Packard, Pierce- Arrow, Reo, Studebaker 
Commander 8, Studebaker President, and Stutz cars. 

In a third system, called the “lamp-load control,” a resistance 
unit in series with the shunt-field is cut out of the circuit by the 
headlight switch, so as to increase the current from the generator 
when the headlights are turned on. This system has been used 
on Oldsmobile and Chevrolet Master 6 cars. 

There are several types of automatic devices available which, 
when connected to the car generator, increase the charging rate 
automatically when the radio set is in operation and which re- 
duce this rate to normal when the receiver is shut off. Thesg 
devices usually consist essentially of a resistor and relay switch - 
When the receiver is off, the resistor is connected in the circuit 
and the chargmg rate is reduced to about 12 amperes. With the 
receiver on, the resistor is automatically short-circuited and the 
charging rate is increased to about 18 amperes. The 6-aixipere 
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increase is equal to the current drawn by the average receiver. 
This device, then, automatically adjusts the charging rate so 
that the power for the radio set is obtained from the generator 
rather than from the battery. Of course, this holds true only 
while the car is in operation at normal driving speed. If the 
radio set is operated while the car is at rest, all the current for 
its operation is drained from the battery. The switch may be 
either a current- or voltage-operated device, current-operated by 
the A-battery drain of the set or voltage-operated by connect- 
ing it across the A-battery leads of the set, 

27-38. Interference Created by the Klectrical System of 
the Car. — We are now ready to consider the interference which 
the various parts of the electrical system of the car may cause 
in the auto-radio receiver. After the nature of this interference 
and the various ways in which it may be caused are understood, 
we will be better prepared to understand the various remedies 
which must be employed for suppressing it to a level which will 
make it inaudible in the loud speaker. 

The main sources where interference may originate in the 
average car are: 

1. At the generator brushes. 

2. At the breaker points. 

3. In the low-tension wiring. 

4. In the high-tension lead between the ignition coil and 
the distributor. 

5. At the high-tension distributor contacts. 

6. In the wiring leading from the distributor cap to the 

‘ spark plugs. 

7. In electrical appliances on the car (heater, fan motors, 
horn vibrators, etc.). 

8. In loose contacts in the electrical system on the car. 

A study of these interference sources reveals that the first six 
cause interference only when the engine is running. The sev- 
enth group of sources cause trouble only when the particular 
appliance in question is turned on. The eighth is usually noticed 
only when the car is in motion — especially if it is travelling over 
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bumpy roads. The interference need not be conducted from 
tbese sources to the auto -radio receiver directly — ^it noiay reach it. 
by any of the many indirect means or paths which exist in the car.. 
The three main ways in which interference may get to the set are: 

1. By direct radiation from the source of interference to 
the antenna system employed with the radio set. 

2. By conduction along some metallic path to the receiver 
proper, similar to the ordinary flow of current through 
a conducting circuit. 

*3. By re-radiation from a metallic path which has had 
noise currents induced in it by the direct radiation of the 
noise source. 

We will now consider these important points in detail, starting 
with the low- tension circuits, and ‘finishing with the high-tension 
circuits. 

27-39. How the Generator Causes Interference. — ^The gen- 
erator may cause interference for two reasons: (a) its voltage 
output is pulsating; (6) sparking occurs at its brushes. Since 

Pig. 27-87. — The ^^resultant 
voltage*’ graph shows the ‘“ripply**" 
nature of the output current of a 
d-c generator due to the fact that 
this current is really the sum of 
the various rectified sine-wave cur- 
rents of the individual coils on the- 
armature as shown below. 

the armature of the generator is composed of a number of in- 
dividual coils, each one of which has a varying voltage gener- 
ated in it due to its rotation in the magnetic field, the output 
voltage of the generator (which is the algebraic sum of the 
various coil voltages at each instant) is a pulsating d-c voltage 
as shown in Pig. 27-37. This causes the charging current which 
flows in the circuit between the generator and battery, and the 
current fed to the ignition circuit, lights, etc., to be pulsating 
in nature. When this current flows in the network of wires com- 
prising these circuits, see Pig. 27-38, pulsating induction mag- 
netic fields are created around thein, spreading out in all ditec- 
tions. These induction fields (which axe distinct from the 
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radiated fields from the high-tension ignition circuits) are al- 
most certain to reach the antenna system of the car radio, and 
will induce noise voltages in it. Although these voltages may be 
very feeble, the extremely high amplification of the receiver am- 
plifies them sufficiently to make them heard as interference in 
the received radio program. Generator interference is easily 
distinguished from that caused by the high-tension circuits be- 
cause it results in a whirring or whining sound in the loud 
speaker instead of the staccato noises caused by the latter. 
Moreover, the whining sound increases in pitch as the engine is 
speeded up, because the generator armature rotates faster, and 



Pig. 27-38- — How electromagnetic ‘‘induction” fields are set up 
around the low-tension wiring of the ignition and battery-charging 
circuits, spreading out in all directions. 


the current pulsations are, produced more rapidly (see Fig. 
27-37) , i.e., more are produced per second. 

Interference may also be produced by sparking which occurs 
between the brushes and the commutator of the generator. Al- 
though this sparking is small in a machine which is in good op- 
erating condition and is adjusted properly, the impulses created 
by this sparking are of high frequency and if they are allowed 
to be conducted into the live lead from the generator cut-out 
and from there into the low-tension circuits which the generator 
feeds, they will create radiation fields which will be induced in the 
antenna circuit and cause interference. If the auto-radio receiver 
is not provided with an effective r-f filter system in its battery- 
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supply circuit, these disturbances will also be conducted directly 
into these circuits of the receiver by the battery wires. As most 
auto-radio receivers are now provided with such filters built 
into the receiver chassis, no trouble is usually experienced from 
this source. 

27-40. How Generator Interference is Eliminated. — ^Re- 
gardless of what means are to be used to suppress generator in- 
terference, any excessive sparking at the brushes should first 
be reduced to a minimum. Minimum sparking will only 
exist when the commutator surface is clean and true, when the 
contact surfaces of the brushes are clean and fit the commutator 



(A) (B) 
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Fig. 27-39. — (A) Method of holding the generator armature in 
a stand while the mica between the commutator segments is undercut 
with a ground-down hacksaw blade. 

. (B) Right (top) and wrong (bottom) ways of undercutting 
the mica between the commutator segments. 

contour exactly, and when the brushes press against the com- 
mutator with sufficient force to make good contact. 

The commutator surface may be cleaned by first removing 
the cover band which covers the opening at the commutator 
end of the generator housing. Then a narrow strip of No. 00 
sandpaper (never use emery cloth) is held against the commuta- 
tor surface while the engine is running and the generator arma- 
ture is in motion. If the commutator is eccentric, or has grooves 
worn into it by the brushes, it should be turned down carefully 
in a lathe to true it up. The truing rup should be done at fairly 
high speed and a light cut shoifid be takeh with a sharp tool. 
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The mica between the bars should then be undercut to a depth 
of 1/32 inch below the surface of the commutator bars by means 
of a piece of a hacksaw blade insert into a file handle. (Fig. 
27-39 shows how this is done.) The blade should have the sides of 
its teeth ground down until it is of proper thickness. After 
imdercutting, the burrs on the copper commutator segments 
should be removed with sandpaper and all particles of copper 
should be cleaned out thoroughly with an air blast if possible. 

The brushes and brush holders should be cleaned free of all 
grease, etc., with gasoline. In order to clean the contact sur- 
faces of the brushes and seat them properly against the commu- 


Pig. 27-40. — This illustra- 
tion shows the method of in- 
serting a strip of fine sand- 
paper around the periphery of 
the generator commutator for 
wearing down the contact sur- 
face of the brushes until they 
fit the commutator contour 
perfectly. This is often neces- 
sary to prevent excessive 
sparking and interference. 

(Courtesy Delco jProducts Oorp.) 



tator surface, the engine should be shut off and a strip of "No. 00 
sandpaper (never use emery cloth) % inch wide and about 8 
inches long should be wrapped around the commutator (under 
the brushes) as shown in Fig. 27-40, with the sanded side against 
the brushes. It should then be drawn out by pulling it around 
the commutator. This causes it to wear away the contact sur- 
face of the brushes, thus cleaning them, while the brtoshes are 
pressing against the commutator. Hence the curve of the brush 
is bound to be the same as the contour of the commutator sur- 
face, so it will fit it perfectly when the sandpaper is removed. 
The sandpaper should 'be re-inserted and pulled around several 
times until the brushes fit properly. 

If the brush spring tension is weak, sparking and burning at 
the commutator occurs, and decreased and irregular charging will 
result. In this case, the tension must be increased — but not to 
the point where excessive brush friction will result, for this will 



944 


MODERN RADIO SERVICING 


OH. XXVII 


cause the commutator and brushes to wear faster. If the brushes 
squeak, it most likely is caused by a hard or glazed spot on at 
least one of the brushes, although a poorly seated brush or im- 
proper spring tension will also cause this trouble. The remedies 
are obvious. 

The interference created by both the brush sparking and the 

Fig. 27-41. — Two by-pass condensers 
designed to be connected across the gen- 
erator output to suppress all interfer- 
ence from it. The one at the left is a 
%-ncifd. unit; that at the right is 1 mfd. 

They are impregnated with a special 
compound able to withstand tempera- 
tures up to 160 degrees Fahrenheit, 

OottHeay Azarov Oorp. 



current ripple of the generator may be effectively suppressed by 
by-passing the live lead which comes from the cut-out, directly 
to the generator housing by means of a %-mfd. or 1-mfd. con- 
denser. (This is condenser C in Fig. 27-S8.) Condensers sealed 
in metal cans, with one terminal grounded to the can and the 
other terminal brought out by a flexible lead terminating in a 



Fig. 27-42. — Two typical generator by-pass condenser installa- 
tions. The illustration at the left shows tne usual installation in 
which a single condenser is connected between the battery temainal 
of the cut-out and the frame of the generator. The one at the right 
illustrates the use of a 2-section by-pass condenser which is necessary 
^ some cars which have a ***light-switch'* terminal on the gcmerator. 

“lighting switch” terminal, and the other by-passes 
the battery” terminal of the generator. 


lug, are made especially for this purpose, as illustrated in Fig. 
27-41. The mounting lug of the by-pass condenser should be 
fastened under the head of the fastening screw which holds the 
cut-out to the generator housing, (as shown at the left of Fig. 
27-42) after all, padnt has been scraped from both this lug and 
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the metal it is to make contact with. The flexible lead of the 
<5ondenser should be made as short as possible (so that it does 
not radiate interference energy) and should be connected to the 
‘'battery'^ terminal of the cut-out in all cars excepting the Chev- 
rolet models which have a ^^light-switch^^ terminal on the gen- 
erator. In these cars, since both the battery line and the light- 
switch line must be filtered, a dual condenser with a common 
terminal grounded to its case is employed. One condenser term- 
inal is connected to the light-switch terminal of the generator, 
and the other is connected to its battery terminal, as shown at 
the right of Fig. 27-42. 

Condensers used for by-passing generators or ignition coils 
must have certain characteristics. They must be able to with- 
stand the voltages to which they are subjected; they must be 
able to maintain low leakage even under high temperature fluc- 



Fig. 27-43.— a typ- 
ical automobile ignmon 
system is drawn here 
in simplified schematic 
form for the purpose 
of analysis. Only one 
of the spark-plug gaps 
Is shown. 


tuations; they must be non-inductive; and they must be able to 
withstand the high temperatures which exist under the engine 
hood (especially during the summer time). 

27-41. How the Ignition Circuits Cause Interference. — 
The essential parts comprising a typical automobile ignition sys- 
tem are shown in the simplified schematic circuit diagram of Fig, 
27-43. The generator and battery are G and B respectively; 
jR is the resistance of the connecting leads, primary coil, etc.; 
P is the primary winding of the ignition coil, S is the secondary. 
The spark gap of only one plug is shown. When the breaker 
■contacts close, the primary current cannot build up instantane- 
ously to the value determined by the applied voltage E and the 
resistance B of the circuit. Due to the fact that the primary 
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winding of the ordinary ignition coil has an inductance of from 
5 to 10 millihenries, the current takes a definite time to build 
up, (as shown in Eig. 27-44) increasing from zero value to a to 
its definite E/R value at h in about the way shown by the graph. 
The condenser C also charges during this time. At a certain 
point b, the breaker opens, thereby breaking the circuit. When 
this happens, the voltage across the primary of the coil goes up 
considerably above the 6-volts of the battery (due to self-in- 
duction) . The peak value of this voltage may reach as high as 
200 volts for an instant! This self-inductive effect tends to 
keep the current flowing across the gap in the form of a spark, 
even though the breaker points have separated. Therefore, the 
current does not drop instantaneously at b, but falls somewhat 
as shown by the curve b-c. Condenser C now discharges through 
the primary coil in a direction opposite to the normal flow of 
battery current and quickly reduces the magnetism to zero. Due 
to the step-up ratio of the windings in the ignition coil, this in- 
duces a high voltage (3,000 volts or more) in the secondary 8. 

At the instant that the breaker gap opens and the high-volt- 
age is induced in the secondary, the distributor rotor closes the 
circuit to a spark plug. The spark plug gap breaks 4<>wn# 
resistance dropping practically to zero, while the high-voltage 



Fig. 27-44. — How the 
primary current of the igni- 
tion coil increases (a to 6) 
when the breaker points close 
(at a), and falls (6 to c) 
when they open (at o). 


spark jumps across it. The distributed capacity C 4 of the sec- 
ondary coil also discharges and its current leaks through the 
spark plug gap to ground and into the condenser O which is 
across the breaker points (these are in the return path of the 
secondary circuit). The discharge of the condenser C sets up 
cqinparatively heavy currents in both the primary and sec- 
ondary circuits. 

The important point is that* when the spark plug^ breaks 
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down and the spark jumps across it, the gas between the elec- 
trodes becomes ionized and its resistance drops almost to zero 
for this small interval of time. If L represents the inductance 
of the secondary circuit, then we have here a case of a condenser 
discharging through an inductance and a spark gap. This forms 
an oscillatory circuit (as shown at {A) of Tig. 27-45) similar to 
that employed in the old spark transmitters used in the early 




Fig. 27-45. — (A) The oscillatory circuit -which is formed by the 
spark plug circuit. 

(B) Character of the oscillating currents, O, -which are set up 
in the spark plug circuit when a plug fires. The current not only var- 
ies in strength but also in frequency. 


days of radio. The discharge is logarithmic in nature, the cur- 
rent increasing as shown by curve M in (B) of Fig. 27-45, 
so long as the resistance of the circuit is greater than 
2^LC, but if R is less than 2\/LC, the discharge of the conden- 
ser is oscillatory in nature, as shown by curve O, the frequency 
of the oscillations depending upon jL, R and C. In the usual 
automobile ignition system the latter is the case, so that an 
oscillatory current flows back and forth in the high-tension 
leads and across the spark plug gap every time a spark plug 
flres. Since the resistance of the spark-plug gap changes 
progressively with the amount of current across the gap (as the 
degree of ionization changes) the resistance of the entire oscil- 
latory circuit is changing up and down. This causes the fre- 
quency of the oscillations, as well as their strength, to vary. The 
frequency .then changes from its high (open gap) value pro- 
gressively all the way down to practically zero each time a spark 
plug fires. The oscillations produced might be pictured as shown 
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by curve O at (J5) of Fig. 27-45. The spark gap breaks down 
at instant a. The current through it increases from a to 5, then 
decreases from b to c, increases from c to d, etc. These oscilla- 
tory currents flowing in the ignition wiring will induce currents 
of this same wave-form in any nearby conductors (including the 
antenna conductors of the radio receiver) as long as the spark 
plugs are firing. Naturally, this will cause interference in the 
radio set — ^this interference being characterized by its '^staccato’" 
nature. In effect, each spark plug circuit acts as a small but 
troublesome radio transmitter whose frequency from instant to 
instant is determined by the electrical constants of the circuit. 

Since the spark plugs fire in rapid succession, and the circuits 
of each one radiate these disturbances, many of these oscillatory 
discharges occur each second. Since the intensity and duration 
of the oscillations generated depend upon the resistance of the 
individual circuits, the radiations will cover a very broad range 
of frequencies and can be picked up by the aerial and exposed 
wiring of the car, regardless of the frequency to which the re- 
ceiver is tuned. Furthermore, each individual spark plug cir- 
cuit radiates energy, and if the periods of the various circuits 
are different, more than one noise voltage will be received. As 
a matter of fact, very complex interfering currents ranging all 
the way from audio to high radio frequencies, and of wave form 
equal to the summation of the many wave forms radiated, 
will be induced in the aerial and lead-in. This means that it 
may not be possible to obtain a peak of noise on the receiver at 
all. It is interesting to note that one amateur radio operator 
was able to find a definite noise peak in the ignition-system inter- 
ference created by a Ford Model A car at the frequency of 60 
megacycles, even though this same interference was distinctly 
audible on the 500-1500 he broadcast band. This illustrates 
how wide a band of frequencies such disturbances may cover. 
Consequently, the noise cannot be filtered out of the auto-radio 
antenna system because it is not of any particular frequency - 
It is really caused by ''shock excitation*^ ‘ 

27-42. Possible Methods of Eliminating Ignition System 
Interference. — ^It is evident that one method of eliminating the 
interference generatedi by ignition and accessory systems is to 
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shield every wire and part comprising the entire ignition sys- 
tem. This is actually what is done in airplane radio installa- 
tions. However, with present automobile engine designs it is 
not a practical remedy for auto-radio installations. In order 
for such shielding to be effective, it is necessary that the tubular 
shielding be large so that the capacity between it and the con- 
ductors is kept small. Also, all wires, except those which it is 
absolutely necessary to keep free, must be enclosed in the 
shielding and all shielding must be thoroughly grounded. With 
automobile engines designed as they are at present, servicing of 
the engine would be extremely difficult if such total shield- 
ing were used, and the shielding would soon become grease- 
soaked, making it less effective. Such shielding would be ex- 
tremely costly — ^more so than the simple suppression methods now 
in use, and it would also be difficult to keep it from shorting live 
wires. Then too, unless the shielding were thorough and effec- 
tive, it would serve only to change the frequency of the radiated 
energy (because of the added capacity) — ^not eliminate it entirely. 

Another noise elimination method which has been used, but 
which has not attained any great degree of popularity, is the use 
of an anti-resonant circuit in the high-frequency leads to reduce 
the efficiency of the radiating system over a given band at which 
the impedance of the anti-resonant circuit is high. This method 
is inexpensive, because only a small coil is required so that it is 
anti-resonant with its own distributed capacity. The field is thus 
small and the spark intensity is not reduced. These coils are 
normally of a 20-millihenry value resonated at about 700 kilo- 
cycles. However, radiations above and below the band are not 
prevented. They are merely reduced. 

The only other logical method of minimizing the interference 
is to suppress the disturbing radiations at their source. Then, 
assuming that the receiver is equipped with shielded and filtered 
battery cables and other external leads, little, if any, energy can 
be picked up by the set, provided that the exposed aerial wire is 
placed in a location where it is not affected by whatever weak 
radiations may still exist. This is the practice resorted to in 
most auto-radio installations. Since oscillations will only be 
set up in the spark plug circuit (see curve O in (B) of Fig. 
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27-45) if the total resistance of the circuit is less than 2\/LCi 
(otherwise the discharge currents will be logarithmic in nature, 
as shown by curve M in (B) of Fig. 27-46), the oscillations can 
be prevented by the simple but effective expedient of connecting 
sufficient resistance into each spark-plug circuit to damp the 
oscillations by making the resistance of the circuit greater than 
2r^LC when the spark plug gap breaks down and its own resist- 
ance is zero. Special resistor units designed to be attached direct- 
ly to the center terminal of the spark plugs (see Figs. 27-48 and 
27-49) are made for this purpose. A resistor is used for each 
spark plug, and is mounted as close to the plug as possible 
(usually directly on it) so that radiation will not occur from any 
length of wire between the gap in the spark plug and the resistor, 
for such leads have distributed capacity and inductance. Since 
these resistors suppress the interference, they are called swp- 
pressor resistors. 

27-43. Use of Spark Plug Suppressor Resistors- — The 
spark plug suppressor resistors should have high enough resist- 
ance to suppress the oscillations, but on the other hand should 
not be so high as to impair the operation of the ignition system. 
In cars which are a few years old, the interference is so great that 
suppressors having a value of as high as 26,000 ohms each must 
usually be used. During the past few years automotive engineers 
have recognized the auto-radio problem and have taken some 
pains to alter the position of the oar wiring and ignition apparatus 
so that the interference radiations which reach the antenna sys- 
tem have been reduced greatly. In one car, the ignition coil 
was moved the bulkhead, and mounted close to the distributor 
to minimize the length of the high-tension lead. In another, the 
high and low-tension ignition leads have been run so that they 
are well separated, in others, the spark-plug leads have been 
shortened. At this writing, at least one laboratory is experi- 
menting with distributor rotors having built-in suppressors. At 
any rate, these improvements, and those made in the shielding 
m auto radio receivers have been so effective that in at least half 
of the newer cars no spark plug suppressors are required at all; 
a single suppressor in the short high-tension lead between the 
ignition coil and the center of the distributor cap is all that is 
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necessary. In those recent cars which do require spark plug sup- 
pressors, a value of from 8,000 to 12,000 ohms is sufficient. 

Suppressor resistors are commonly made with a carbon com- 
position resistor element encased in a bakelite or isolantite hous- 
ing and provided with proper terminals for rapid connection 
into the circuit. The internal construction of a typical suppres- 
sor resistor unit is illustrated in Fig. 27-46. A suppressor re- 
sistor should have certain characteristics. It must be able to 
withstand the high temperatures exist- 
ing under the engine hood without ap- 
preciable change in resistance or break- 
down of its insulation; the resistor ele- 

Fig. 27-46. — Internal construction of a 
typical elbow-type suppressor resistor. 

The complete resistor is shown at the top. 

The moulded carbon resistor element is 
under it. Next is the contact spring and 
screw-type ignition cable terminal. A 
cross-section view of the completely as- 
sembled suppressor is shown at the bot- 
tom. 

Courtesy Erie Resistor Ootp. 

ment should be long and narrow to re- 
duce the capacity between the term- 
inals; it should be constructed so 
that firm and unvarying contact is established between the 
resistor element and the terminals ; its surfaces must not 
tend to accumulate excessive grease and dust which will 
cause high surface-leakage between the terminals; its voltage 
coefficient (see Art. 22-11) should be low so that its resistance 
remains practically unchanged at the peak of the discharge of 
the spark plug (the current is maximum at this instant). 

Suppressor resistors are made in two general shapes, the elbow 
and the straight types. Typical examples of each type are illus- 
trated in Fig. 27-47. Elbow types are used when the spark plug 
wires emerge from the cable duct almost at the level of the 
spark plug terminals. The use of elbow-type suppressors in such 
oases makes it possible to keep the spark plug leads short. 
T3rpical installations of these suppressors on the spark plugs are 
shown at (A) of Fig. 27-48 and iii Fig. 27-49. The straight type 
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is more suitable for some installations. The vertical method of 
mountiiig the suppressor is illustrated at (J3) of !Fig. 27-4:8- 
Several types of terminals are employed on these suppressors. 
In any installation, it is essential that the end terminal of the 
spark-plug suppressor be of a type suitable for the spark plug 
arrangement and the types of spark-plug cable terminals in use 
on the car, so that time will be saved in the installation work. 
In the elbow suppressor (shown in Fig. 27-46 and again at (A) 
of Fig. 27-47) a screw type terminal is employed for connecting 
to the spark-plug lead. The screw is simply screwed into the 


Fig. 27-47. — (A) A typical 
“elhow” type spark plug sup- 
pressor. 

CD) A typical ‘^straight” 
type suppressor with a U ter- 
minal which enables it to be (B) 

mounted either vertically, or horizontally, on the spark plug terminal. 

(C) A “straight’* suppressor with a brass threaded insert at its 
lower end. This may be screwed directly on to the spark plug ter- 
minal screw. 

wk*es of the cable, after the end of the cable has been squared 
off. In the suppressors illustrated at (B) and (C) of Fig. 27-47, 
a ferrule terminal is used. The spark plug lead must be equipped 
with a spade terminal which clips on to the ferrule terminal of 
the suppressor. In dual-ignition systems where two spark plugs 
are employed for each cylinder, a suppressor must be installed on 
caci^plug. 

27-44. Spark Plugs Having Built-In Suppressors. — ^The 
closer the suppressor resistor is to the spark plug, the more ef- 
feciuye is the oscillation-suppressing action. This has led to the 
development of specially constructed spark plugs having the 
suppressor resistor built directly into the center of the porcelain 
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insulation as an integral part of the plug. An external (left) 
and cross-section view (right) of a spark plug of this type is 
illustrated in Fig. 27-50. The position of the suppressor resistor 
R is shown. While this arrangement is very effective, it has not 



Pig. 27-48. — (A) Method of 
mounting an “elbow*' type suppres- 
sor on a spark plug. 

(R) Method of mounting a 
“straight” type suppressor ver- 
tically on a spark plug. 

Courteay *‘Motor** 



attained great popularity mainly becauscr of the fact that the car 
owner must discard his entire set of spark plugs (which may still 


Fig, 27-49. — 
A ts^pical in- 
stallation of 
*‘elbow” type 
spark plug 
suppressors on 
a n 8-cylin.der 
automobile en- 
g i n e. The 
spark plug 
leads emerge 
from the wire 
duct almost on 
a level with 
the tops of the 
plugs. 



Courtsay EHa Beaiator Oorp. 

be in good working condition) when these plugs are installed, 
27-45. Use of a Suppressor Resistor at the Distributor. — 
The distributor rotor arm (or arms) does not actually touch the 
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electrodes which are moulded into the distributor cover, and 
which lead to the various spark plug circuits. Since the arm is 
rotating very rapidly, a gap of a few thousandths of an inch is 
provided between its end and these 
electrodes for mechanical clear- 
ance. Therefore, a tiny spark 
occurs across this clearance gap 

Fig. 27-60. — External and cross- 
section views of a special type of 
spark plug having a suppressor 
resistor R built into the center of the 
insulating core as an integral part of 
the plug. 

when the rotor arm comes around 
to each electrode, in turn. This 
spark tends to set up oscillations 
in the wire between the ignition i>t», o«. 

coil and the distributor cover. These 

oscillations, in turn, radiate interference energy to the rest of the 
wiring of the car and to the antenna system of the auto-radio re- 
ceiver. This interference from the distributor may be eliminated, 
or at least minimized to a large extent, by the insertion of a sup- 
pressor resistor in series with the high-tension lead to the rotor 

arm. The resistor introduces 


Fig. 27-61— (.4) A distribu- 
tor suppressor having a split 
tubular end for insertion fiito 
the center terminal of the dis- 
tributor cover, as shown at (A) 
of Fig. 27-62. 

(B) A **&cmw** type of dis- 
tributor suppressor designed to 
be cut into the high-tension lead 
between the ignition coil and 
the distributor, as shown at (B) 
of Fig. 27-62. 

sufficient resistance in the cirr 
euit so that forced oscillations cannot occur and radiation of the 

oseillating energy is thus prevented. The value of the resistance 
required is less than that used at the spark plugs. A resistance 
of S,000 to S,000 ohms is us^ially sufficient for ttiis jmrpose. 
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Two typical forms of suppressors designed especially for the 
distributor lead are illustrated in Fig. 27-51. The one at (A) 
is provided with a tubular split prong at one end, which fits 
s^iigly into the cup terminal at the top of the distributor cover. 
The other end has a screw type terminal which screws into the 




Fig. 27-62. — Typical distributor suppressor installation arrange- 
ments. The type is shown at (A) ; the “screw” or “splice-ni” 

type is shown at (B). 

wires of the high-tension lead between the ignition coil and the 
distributor cover. The method of installing this type of sup- 
pressor is illustrated at (A) of Fig. 27-62. The suppressor at 
(B) is designed to be used where the suppressor must be inserted 
in the lead itself. It is provided with a screw-type terminal at 


Fig, 27-5S. — “Elbow** type dis- 
tributor suppressor mounted in 
place on the cover or “block** of 
the distributor. This type must 
be used in installations on some 
cars. 

( Courtesy ‘‘Motor") 



each end. The high tension lead is cut near the distributor cover 
and the suppressor is screwed firmly into the wires of the two 
cut ends as shown. There are several cars which require an 
‘'elbow^^ type suppressor in the distributor lead. The method 
of installing a suppressor of this type is illustrated in Fig. 27-53. 
In those cars which employ two ignition coils (see Figs. 27-34 
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and 27-35) , a separate suppressor must be installed in the high- 
tension lead of each coil, as near to the distributor cover as 
possible. In all cases, even though a suppressor is installed, 
the high-tension lead between the ignition coil and the distrib- 
utor should be made as short as possible. If this lead happens to 
be run through the same conduit as the spark-plug wires, it 
should be removed and re-routed. If the distributor housing is 
manually retractable for timing, connect the two parts together 
with flexible copper braiding to assure good electrical connection 
between them. 

27-46. Effect of Suppressors on Engine Performance. — 
A great many conflicting statements have been published re- 
garding the effect which the spark-plug and distributor suppres- 
sor resistors have on the performance of the engine. Some have 
maintained that the addition of suppressors causes tmdesirable 
effects on the performance; others claim that they do not affect 
it at all. Exhaustive tests made by responsible ignition and auto- 
motive experts have revealed that the engine operation is not 
affected by the addition of the suppressors, provided that: (Jf) 
the engine is in good operating condition to start with, (£) the 
spark plug suppressors are oj less than ^0,000 ohms resistance 
each, and (S) that the distributor suppressor is of 5,000 ohms re- 
sistance or less. 

One explanation offered for this experimentally proved fact 
is as follows: When the spark gap (in the plug) breaks down, 
the gas in the cylinder ignites and the piston is forced down. 
Now the compressed gas really ignites before the full voltage 
has been built up across the spark gap. Therefore, even if sup- 
pressors are used, and even though they undoubtedly decrease 
the intensity of the spark somewhat because of their resistance, 
the full spark intensity is not required. 

On the other hand, if the motor is not properly timed, if the 
plugs are fouled, or if the carburetor is improperly adjusted, the 
suppressors may decrease the engine efficiency (resulting in 
somewhat increased gasoline consumption) , affect the operation 
at both low idling speeds and full top speeds, and cause hard 
starting in cold weather if they are of very high resistance. When 
the mlotor is idling and not properly adjusted, the effect of the sup- 
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pressors is to cause misfiring. The main point, however, is that 
with a properly adjusted motor, correct suppressors do not make 
any detectable difference in motor action or e£5.ciency. 

27-47. By-passing the Low-Tension Circuits at the Am- 
meter and Ignition Switch. — ^Ignition-system disturbances are 
apt to come into the battery circuit through the wire leading from 
the ignition switch to the ignition coil (this is common to both the 
primary and secondary circuits). In order to show clearly how 
this may occur, a portion of the electrical circuit of a typical auto- 
mobile has been reproduced schematically in Fig. 27-54. This 
common wire has been labeled A. Any radiated disturbances 


Fig. 27-64. — ^Part of 
the low-tension electri- 
cal system of an auto- 
mobile, showing how all 
the low-tension circuits 
converge to the am- 
meter. The proper con- 
nection of an ammeter 
by-pass condenser C 
and ignition switch by- 
pass Cj are shown. 



may also be picked up by other wiring in the car, such as the 
wiring to lights, boms, etc. Since all of these lines feed into 
the battery, disturbances in them may find their way into the 
battery leads of the receiver, or they may re-radiate to the an- 
tenna system. Since all of these lines join at the ammeter, it is 
a convenient place at which to by-pass them to the car chassis 
by means of a or 1-mfd. by-pass condenser C. This should 
be connected to the '^battery” terminal of the ammeter as shown, 
in order to minimize these disturbances. The by-pass condenser 
may be mounted back of the dashboard near the ammeter so its 
case and its ''ground” terminal groimd to the dash. The flexible 
lead of the condenser should be connected to the battery term- 
inal of the ammeter, as shown at (A) of Fig. 27-55. 

The circuit leading from the battery to the ignition coil may 
also be by-passed conveniently at the ignition switch by means 
of a or 1-mfd. by-pass condenser Ci, This condenser is also 
mounted on the rear of the dash so it grounds to it, and its 
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flexible lead ia oaimeoted to the battery terminal of the igni- 
tion evn-toh as shown at (B) of Fig. 27-66. In some installations, 
it will be found that this condenser is more effective if connected 



Fig. 27-56. — (A) How the “ammeter by-paos” con4«iuier in 
mounted back of the dashboard and connected to the “battery term- 
inal*' of the ammeter. 


{B) How the “ignition switch by-pasa** condenser is mounted 
back of the dashboard and connected to the “battery terminal** of 
the igrnition switch. 


directly between the battery terminal of the ignition coil and the 
grounded coil^mounting bracket instead, as shown in Fig. 27-66. 

27-48. Cases where Additional Interference Prevention 
Measures are Necessary. — In general, the foregoing measures 
will reduce ignition interference to a negligible level and they 
may be regarded as the ‘^standard" 
measures to take when installing a mod- 
ern auto-radio receiver in a modem oar. 
Not all cars require the extensive filter- 
ing and suppression described^ — some re- 
quire more. Some cars require but a 
single distributor suppressor and no 
spark plug suppressor — others require 
suppressors on all spark plugs. Some 
require a by-pass condenser only across 
the generator output, others reqmre ad- 
ditional by-passing at the ammeter, igni- 
tion switch, battery terminal of the igni- 
tion coil and other places* The auto^ri^o 
service man will often come across many 
cars in which the foregoing measures do not suffice, that is, after 
they have all been applied, annoying mterference stUl persists. 



Fiq. 27-56. — How the 
“coil by-pass** conden- 
ser is mounted on the 
ignition coil bracket 
and connected to the 
“battery terminal** of. 
the primary. 
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No specific directions can be given for the procedure to fol- 
low from this point on, for the simple reason that the cause of 
the trouble may be rather an obscure one which will require 
a considerable amount of hunting down. However, a number of 
additional preventative measures which are commonly necessary 


iGNiTJON Switch 


SPARK PLUGS 



Fig. 27-57. — Complete schematic wiring diagram of the ignition 
wiring on a tjrpical 8-cylinder automobile. Cg and Cg are the 

added generator, coil and ammeter by-pass condensers respectively. 
The distributor and spark plug suppressors are shown installed in 
place. This represents the “standard” suppression measures which 
are sufficient for interference suppression on about half of the cars 
encountered. Additional measures must be taken in the others. 


in some cars will now be presented. They will be considered in 
the order of the frequency in which they are necessary. 

27-49. Tests to Determine by what Path Interference is 
Reaching' the Receiver. — is assumed at this point that the 
receiver is in proper working order and is properly installed. 
It is also assumed that the ^'standard'' interference-suppression 
measures which have already been described have been applied, 
as shown in Pig. 27-57, but do not succeed in eliminating the 
.interference completely. If such is the case, the first thing to do 
is to determine definitely whether the interference comes from a 
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source outside of the car or from a source within the car. If it 
comes from within the car, it is important to find out how it is 
reaching the receiver. It may either get to the receiver via the 
antenna, or it may also find its way in through direct pickup by 
the receiver battery wires or through the shielding of the set it- 
self. When this is known definitely, it will furnish some clue to 
the most effective steps to be taken next. Of course, if the inter- 
ference appears only intermittently and disappears as soon as the 
car has travelled to another location, it is most likely of external 
origin. However, there are many cases where the radio receiver 
is steadily noisy due to external interference w'hen operated any- 
where in a location of very wide area — possibly an entire town. 
This is very often the condition in rural communities having 
electric light transmission lines with leaky insulators, or having 
lines which pick up excessive atmospheric radiations and re- 
radiate the impulses (see Chapter XXX). In such oases, the 
auto-radio set may be noisy when operated anywhere in the 
town, yet the entire installation may be entirely blameless of 
itself. In such cases, and others, the service man probably knows 
of the fact but he must have some method of determining defin- 
itely whether interference which is heard in a new auto-radio 
installation (or an old one which is to be serviced) is of external 
or internal origin. There are two conditions under which a test 
to determine this may be made. They are : 

1. Test the set in the noisy location, to determine whether 
the operation of the car and all electrical appliances on 
it makes any difference in the noise intensity. 

2. Test in a spot free from all external electrical disturb- 
ances, to see if the operation of the engine and all elec- 
trical appliances on the car cause any noise in the le- 
ceiver. 

We will now consider these tests in the foregoing order. 

(1) Test in Noisy Location: If the service man is not 
with a shielded cage into which he can run the entire 
car (see Fig. 27-1), and the vicinity of his shop is not entirely 
free from electrical disturbances, he must make the test under 
noisy conditions. The receiver should be turned on (without the 
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car engine running) , and with the volume control turned all the 
way up. If any noise which is heard is “tunable/^ the receiver 
should be tuned to bring in with greatest volume whatever noise is 
present. However, this should be a point where no broadcasting 
signal is heard. The noise should be observed carefully so that 
its intensity may be remembered fairly accurately for comparison 
later. 

(a) The lead-in wire should now be disconnected from the 
receiver- If this makes the noise disappear, or greatly reduces 
its intensity, it is undoubtedly due to interference originating 
outside of the car being picked up by the aerial wire and fed to 
the receiver. In this case, nothing much can be done about it. 
On the other hand, if the noise still persists undiminished in 
intensity when this is done, it indicates that the receiver itself is 
probably noisy. In this case loose connections, a faulty rectifier 
or vibrator, etc., should be looked for in the set. 

(b) The engine should now be started (with the lead-in 
still disconnected from the receiver). If the receiver is more 
noisy than it was with the engine shut off it indicates that inter- 
ference from the ignition system of the car is reaching the set 
by way of its battery wires or through the chassis. Receiver 
designers have done much of late to eliminate this form of noise 
pickup, by thoroughly filtering the battery leads and thoroughly 
shielding the receiver chassis. 

(c) With the engine still running, the various electrical ap- 
pliances on the car (heater motor, electric windshield wiper, 
lights, etc.) should be turned on, one at a time, and the effect of 
each one on the noise should be noted. Any appliance that in- 
creases the noise requires a by-pass condenser and possible 
shielding of its leads. The engine should now be shut off. 

(d) The lead-in wire should now be re-connected to the re- 
ceiver and the noise noted. Then the engine should be started. 
If the noise increases greatly, it indicates that high-frequency 
interference from the ignition system is reaching the aerial 
(assuming that the lead-in is well shielded). 

(e) Now, to complete the test, the car should be run for 
several blocks with the set turned on. Notice whether the noise 
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increases when the car is in motion. If it does, it indicates that 
static discharges are being generated by the front wheel, the 
tires or the brake linings. It is well to run the car over bumpy 
cobblestone streets or a bumpy road during part of the test, so 
that any noises which may be caused by loose connections either 
in the set or in the car will also be revealed. 

(2) Test in Location Free From External Disturbances: 
If a shielded test cage into which the car can be run (see Fig. 
27-1) is available, a test may be made to ISind out directly 
wtiether the operation of the engine and any of the electrical 
appliances on the car are causing interference. To do this, the 
car is run into the cage, and the cage is closed so as to com- 
pletely shield the entire car from any external electrical dis- 
turbances. 

(a) Now the set is turned on with the volume control full 
^'on^^ and the engine shut off. If noise is heard, since neither 
the engine nor any external source is producing it, the set should 
be checked for noises. 

(b) If all is quiet (except for the slight hum due to the B 
power vibrator unit in the receiver) the engine should be started. 
Any noise which is now heard, is due to the ignition system of 
the car. 

(c) The lead-in wire should now *be disconnected from the 
receiver. If this eliminates the noise, the high-frequency inter- 
ference radiations from the ignition system were being picked 
up. by the aerial. If this only redioces the noise somewhat, then 
the pickup is partly through the aerial and partly through the 
battery leads of the receiver on the chassis. If it has no effect 
on the noise, the pickup is entirely through the battery leads or 
the chassis of the receiver. 

(d) With the lead-in connected to the receiver^jthe various 
electrical appliances on the car should be turned on, on#, at a 
time, and their effect on the noise level noted. 

(e) If the noise level increases greatly as the car is run out 
of the shielded test cage, it is safe to assume that the increase is 
due to external interference reaching the aerial. 

27-50. Procedure for Eliminating Receiver Wiring or 
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Chassis Pickup. — step-by-step procedure which will be found 
useful when attempting to eliminate all remaining interference 
which may still be present after the ''standard^' suppression 
methods have been applied and the tests outlined in Art. 27-49 
have been made will now be presented. Pickup by the receiver 
wiring, or the chassis, will be considered first. 

1. If the tests of Art. 27-49 indicate that the interference 
is finding its way into the receiver by way of the receiver bat- 
tery leads or shielding, go over all ground connections and make 
sure that they are clean and tight. Hemember that painted or rust- 
ed surfaces, ^^parkerized'' lock washers, etc., do not permit good 
electrical contacts to be made. All metal contact surfaces should 
be scraped clean and bright with emery cloth or a suitable file. 
If the receiver does not contain an effective battery line filter, 
a small choke coil consisting of 10 to 20 turns of No. 18 bell 
wire wound on a ^ or % inch form and connected in series with 
the hot lead between the set and the battery is often effective. 

2. Excessive noise is very often caused by an imperfect 
grounding contact between the receiver chassis and the car frame. 
When the receiver is bolted to the bulkhead or fire-wall between 
the engine and driver^s compartments (or to the instrument 
panel) it is important that all paint be scraped off at the area 
of contact and that all bolts be tightened firmly to assure good 
electrical contact between the receiver case and the metal of 
the car. 

3. Interference may be picked up by the battery leads of 
the receiver if they are run through the engine compartment. 
They should be re-routed through the driver's compartment 
instead. In some receivers, a single flexible lead runs from the 
receiver to the remote tuning control unit to supply current for 
the tuning dial light. This dial light lead may he picking up 
interference and leading it into the receiver. If this is the 
case, it may cause the noise heard when the receiver antenna 
lead is disconnected- If the interference is reduced when this 
wire is disconnected at the set chassis, it should be shielded with 
copper shielding braid slipped over it to prevent this pick-up; 
the shield, of course, being grounded both at the receiver and at 
the remote control end. Also try grounding the tuning and 
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volaime control cable sheaths to the receiver case by means of a 
screw driver. If this reduces the interference, these sheaths 
should be bonded to the receiver case with copper shielding braid. 

4. If a separate speaker is used, the shield of the cable be- 
tween it and the chassis should be well grounded at both ends. 
If an unshielded cable between radio chassis and speaker is used, 
proper filters should have been built into the radio set to elim- 
inate motor interference. It is well to check the efficiency of 
these filters by connecting a 0.01 mfd. condenser between each 
lead in succession and the ground. If the condenser reduces the 
interference it should be permanently installed. 

27-51. Procedure for Suppressing Remaining Interference 
Reaching the Antenna. — ^The case where persistent interfer- 
ence gets to the antenna will now be considered. 

1. First be sure that the aerial lead-in wire is properly shielded 
right from the receiver case to within l-inch of the aerial itself (see 
Art, 27-16) and that this shield is properly grounded at both ends. 

2. If the interference still continues, the next step is to deter- 
mine whether it is caused by the high-tension or the low-tension 
circuits. Remove the high tension lead between the igjnition coil and 
the distributor (remove both leads if two coils are used) , turn on the 
ignition switch, and turn the motor over by hand (with the radio 
set turned on). Do not use the self-starter for this purpose, as 
both the sound it makes and the electrical disturbances it wifi set up 
may prevent you from hearing the ''clicks" which are to be heard. 
If ‘clicking” from the breaker point interruptions is heard in the 
loud speaker, the indication is that part of the interference at least 
is from the low-tension circuits or breaker points. If no “clicking” 
is heard, the low-tension circuit may be removed from suspicion. In 
this case, pass on to test No. 3. 

If “clicking” is heard, remove the primary lead runnii^ from the 
ignition coil to the breaker points on the distributor (see Fig. 27-57) 
and either shield it with shielding braid or replace it with a piece of 
No. 14 shielded low-tension cable. The shield of this cable should 
be grounded in two places with connections as short as possible. If 
necessary, either shield or replace the lead from the ignition switch 
to the ignition coil with No. 14 shielded low-tension cable, making 
good soldered ground connections to the shielding. Care must be 
taken with the shielded leads so that the connections to the coil switch 
or distributor are not grounded by them. Never use a by-pass con- 
denser^ on the “breaker side” of the primary of the coif, as the 
operation of the engine will be affected. If one must be used, connect 
it to the battery terminal of the coil (condenser C, in Fig. 27-57). 

The breaker points should be inspected. If they are hadly burned 
and pitted, or dirty, they should be filed flat with a special thin file 
or stone made for this purpose, and sh^ould be adjusted lor the proper 
gap (in ■ accordance with the car manufacturers instructions) so 
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that a clean *‘break” is obtained.* The test for ''clicking** should 
now^ be made again to make certain that all of the interference orig- 
inating in the low-tension circuit has been completely eliminated. 

3. If interference is still present after the low-tension circuits 
have been attended to and the "clicking** test gives a negative in- 
dication, the high-tension circuits must be considered next. The igni- 
tion circuit should first be put in good order. The spark plugs should 
be removed from the cylinder head and inspected. If they are fouled, 
they should be cleaned — ^new ones should be substituted if necessary. 
Otherwise, the gap should be checked with a thickness gauge and 
adjusted if necessary. The ^ap separation should be about 0.025 
inch for low-compression engines and about 0.02IL--^ch for high- 
compression engine.t The spacing of the spark" 3 >lug electrodes is 
important, since the greater the gap resistance is/^i^he greater is the 
tendency to reduce the high-frequency oscillations (see Art. 27-42). 
However, if larger gaps than these are used the interference will 
increase. 

All high-tension ignition cables should be inspected next. Grease 
and dirt should be cleaned off. If their rubber insulation is brittle 
and badly cracked, it will be "leaky** at radio frequencies, and new 
wires should be installed. All connections to the suppressors and 
plugs should be tight and secure. The distributor cap should 
also be inspected and cleaned. If it is cracked at any spot it should 
be replaced, for leakage will occur between the contact studs. 

4. If interference is still present^ the location of all high-tension 
wires should be studied. All low-tension wires which run parallel to, 
or in the field of, the high-tension circuits act as carriers and they 
should either be moved whenever possible, or the high-tension wires 
re-routed. In cases where the high-tension duct is used to house low- 
tension wires, the removal of the low-tension wires from the duct 
will usually be found sufficient. 

In cars where the ignition coil is mounted behind the instrument 
panel or elsewhere under the cowl, one of two procedures should he 
followed. First, shield the high-tension lead from the coil to the 
distributor. This may be done by covering the lead with shielded 
flexible loom (see (R) of Pig. 27-16). The shield should be grounded 
to the frame of the coil at one end and to the motor block or high- 
tension cable duct at the other. This lead should be run as directly 
as possible from the coil to the motor compartment, even if it neces- 
sitates drilling a new hole in the dash. 

If the interference still persists, it may he necessary to move 
the igfnition coil (or coils) into the motor compartment on account 
of coupling of the electromagnetic field of the coil with the receiver 
apparatus. Mount the coil on the motor block as near as possible 
to the distributor, making sure that a good grounding contact is 
obtained. If it is necessary to mount the coil above the motor, make 
sure that a location is selected where the coil will stay sufficiently 
cool. The new primary wires required should be of No. 14 shielded 

*lsroTE: A chart giving the correct breaker-gaps for all models 
of American cars will be found in Section 8 of the author’s Radio 
Trouble-Shooter's Handbook, 

fNoTE: A chart giving the correct spark plug gaps for all 

models of American cars will be found in Section 8 of the author’s 
Radio Trouble-Shooter^ s Handbook, 
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low-tension cable. These wires should not be run too close to the 
high-tension leads, and the shields should be well grounded. 

In some automobiles the ignition switch is built in as an integral 
part of the ignition coil. If this is the case, a separate ignition 
switch may be installed on the instrument panel. The new switch 
should be connected to the coil with heaysr-duty, well insulated wire 
in a properly grounded shield. The original key should be placed 
into the ignition coil and soldered to keep it in place. Another method 
is to ‘‘short*’ the primary of the original ignition coil, and connect 
its circuit to the primary of the new coil placed in the engine com- 
partment. The original ignition switch and key can then be used. 

Moving the ignition coil is impractical in many instances and 
undesirable in others. If it has been definitely established that inter- 
ference is caused by the magnetic field around the ignition coil, the 
coil may be thoroughly shielded instead of moving it. This may be 
accomplished by covering the entire upper end of the coil with a 
metal can which has had a hole drilled in its end to admit the 
shielded loom-covered high-tension lead. The shield over this loom 
should be soldered to the can. Slots must also be cut into the can 
to admit the low-tension wires to the coil. The can should Rt snugly 
over the coil and should be taped into place securely so it will not 
shift. The can must be well grounded either to the instrument board 
or to the body of the car. This type of trouble is usually encountered 
when the ignition coil is encased in a bakelite container instead of 
the more common metal case. 


6. As mentioned previously (Art. 27-45), the rotor arm of the 
distributor does not make actual contact with the distributor points 
-—except in a very few cases — ^for a very good reason. The small air 
gap of a few thousandths of an inch provides mechanical clearance 
and prevents the flow of current to the spark plug for a very short 
time in order to allow the secondary voltage to build up to the nrcmer 
value. If the gap is more than between 0.001 to 0.004 inches, 
the amount of interference that may be generated is large, and the 
gap must be reduced, but care must be taken that the rotor does not 
brush any of the contacts. 


This may be done by removing the rotor arm from the distributor 
and placing one side on a flat steel plate. Then lightly pound (with 
a small machinist's ball-peen hammer) the end of the rotor arm 
that approaches the points, until it is elongated slightly. Dress the 
end of the rotor with a file, to its original shape. The judging of 
the correct amount of lengthening of the rotor arna may be done by 
putting a heavy chalk mark on each of the contacts. After the arm 
IS lengthened, the distributor is assembled and the motor turned 
over by haind so that the arm makes a complete revolution- The 
cap is then removed and the end of the arm examined for traces of 
cimlK. If a mark is found, the contacts are examined to determine 
which one has close spacing and the arna filed to clear it (or them). 
If the distributor head is considerably “off center", it may be neces- 
sa^ to repine it. If there is evidence of the rotor touching the con- 
ta^s, file off about .001 inch and recheck. If the rotor is double 
l^aed, both ends .shouM be treated in the same manner. The opera- 
,tion should be completed on one end before doing the other. The 
spacing should be reduced to about 0.002 inch. Do not space it 
rotor elongates slightly at high speeds because of 
a possibility of its hitting the contact 
points and either snapping itself or ripping the entire distributor 
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cap apart. Elongating the rotor arm by pounding is known as 
peening the rotor. Building up the rotor arm with solder (instead 
of peening it), is not recommended, for the heat of the spark s<^n 
burns the solder away. Peening of the rotor must be done with 
extreme caution, to prevent damaging the distributor, and should 
best be left to one who is experienced in doing it correctly. 

6. Interference may be conveyed to an auto-radio receiver sys- 
tem by three distinct paths: 

1. By direct radiation from the source of interference and 
associated wiring, similar to the radiation which occurs 
from radio transmitting to receiving antennas. 

2. By conduction along some metallic path to the receiver 
proper (similar to the ordinary flow of current through a 
conductor. 

3. By re-radiation. 

The first two methods are self-explanatory. The third means that 
radiation from the interference source is picked up hy some other 
wire (such as the tail-light wire for instance) or other metallic cur- 
rent path (such as a copper oil-pipe line coming through the engine 
bulkhead) which acts just like a radio receiving aerial. An inter- 

Fig. 27-68. — Flexible copper 
bonding braid. This is made in 
stock sizes from 1/8 to 11/16 inches 
wide. Since it is ^really tubular, 
it may also be slipped over in- 
sulated wires to shield them. Oourt^ay Ij»n» JBle^ctrUs Mfg. Co, 

ference or ‘^noise*^ voltage is thereby generated in this conducting 
circuit, and a noise current may flow in it. This current flowing 
through the conductor causes a radiation of ener^ from it (re-radia- 
tion) of the same, or some other, frequency. This re-radiated energy 
may reach the aerial or other wiring of the auto-radio installation, 
causing interference to be set up in it. The process is cumulative, 
so that in many cases a number of parts and wires in the car seem 
to he the source of noise, when they are actually re-radiating elec- 
trical disturbances received from some other source in the car. This 
makes it difficult to locate the actual source of the interference. 

Conveyance of interference by the second and third methods 
may be effectively minimized by electrically bonding the conducting 
or re-radiating conductor to the chassis of the car. Low-resistance 
flexible copper braid of the general type illustrated in Pig. 27-68 
is employed extensively for this purpose. This braid is really a 
tubular copper braid which may be used, either for shielding wires 
or as a bonding braid. 

7. In order to test quickly whether bonding certain members 
reduces the interference, it is convenient to make up a few test 
bonding leads composed of 18-inch pieces of shielded bonding braid 
terminating at each end in a large size battery clip for quickly 
clipping one end of the braid to the member in question and the other 
end to the car chassis. These temporary bonds may be clipped in 
place, one at a time, where experience has shown that trouble exists, 
and then removed, one at a time, until one is found whose removal 
increases the motor interference. This should then be replaced with 
a permanent bond of copper braid soldered or otherwise securely fas- 
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tened in place. Several by-pass condensers of 0.5- or 1-mfd. cap- 
acity may also be provided with leads and battery clips of smaller 
size to assist in locating points in the various car wiring circuits that 
require by-pass condensers. Places where these condensers should 
be tried and where they frequently result in reduction of motor 
interference, are: on the battery side of the ignition coil, on one 
electric clock lead, on the cigar lighter lead, on the electric wind- 
shield wiper load, on the dome light lead and, if an under car antenna 
is employed, on the rear light leads and on the other wires running 
under the car, such as electric gasoline gauge leads, etc. 

8. The dome light wire running from the ammeter over to the 
door post often picks up considerable interference, and because it 
re-radiates it, it is a frequent source of noise when a roof type 
antenna is being used. Usually, the interference caused hy this 
wire may cease when the dome light is turned on. In order to find 
out whether it is causing interference, disconnect the dome light feed 
wire from the point of connection (usually behind the instrument 
panel). If this lessens the interference heard in the loud speaker, 
replace the lead and try a or 1-mfd. by-pass condenser from this 
point to the car ground. If the by-pass condenser does not reduce 
the interference, insert a 20-turn choke coil wound with No. 18 bell 
wire on a or %-mch wooden form, in series with this dome light 
lead, and close to the hot battery lead feeding the dome light circuit. 
Leave the by-pass condenser connected on the battery side of the 
choke coil. It is often necessary to move the dome light switch to a 
point on the instrument panel, close to the ammeter. 

9. The establishment of good electrical contact between the 
motor block, motor bulkhead, instrument panel, chassis and body of 
the car where such contact does not already exist, is essential in 
eliminating interference. In many cases a good electrical contact 
between the motor block, dash, and frame of the car will eliminate 
much of the interference. These electrical connections may he made 
by connecting together the parts with short pieces of copper braid. 
Such bonding is particularly necessary on those cars incorporating 
^^floating power,” in which the engine is mounted on rubber blocks. 
These metal parts of the car must be maintained at a common ground 
potential by bonding them together. In such cars the bonds from the 
motor block must be long enough to allow for vibration. A good 
coimection between the instrument panel and the body and frame of 
the car may aid materially in reducing noises. Special attention 
should be paid to the thorough grounding of the bodies of cars which 
employ a wooden body sill, for very often these bodies are not well 
grounded to the chassis. 

10- A good deal of the noise encountered in automotive receiver 
installations is due to ignition circuit interference being conducted 
into the driver’s compartment from the engine compartment by way 
of choke and spark control rods, copper-tubing oil lines, cowl ventilator 
levers,^ and other controls. From the driver's compartment it may be 
r^radiated to the antenna system. Every wire, control-rod, or pipe 
that ruris from the motor compartment through the dash may re- 
radiate interference and it should be grounded to the dash, (wires 
should be shielded and the shields grounded). Use heavy flexible copper 
conductor or braid to ground them to the dash, allowing for any 
necessary movement of the rods. The method of bonding all pipe 
Imes together and to the dash is illustrated in Pig. 27-69. If the 
iroii rods are rusty, scrape them clean so that the copper bonding 
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conductor may be securely soldered or clamped to them. The wire 
conduit that runs to the base of the distributor in some cars should 
also be grounded in the same manner. Sufficient slack should be left 
in the bonding of all control rods so that the greatest normal move- 
ment of the rods will not tear the bonding loose. 


11. On some of the recent cars, the steering column is not well 
grounded, since it is mounted on rubber to absorb road shocks. Such 
steering columns may be veritable ‘‘racetracks” for interference cur- 
rents unless they are well bonded to the bulkhead or chassis with cop- 
per braid of low resistance (preferably soldered for perfect connec- 
tion) . 

12. Some interference may also be caused by changes in the 
resistance between the receiver case and ground, when another ground- 
ed conductor, such as the choke rod, free-wheeling control, speedometer 
cable, or steering column, touches or rubs against the receiver. These 
controls and cables should not be allowed to touch or rub against 
the receiver case. In some receivers, the remote tuning-control 
cables are grounded to the receiver chassis, an inch or so beyond 
the point where they actually enter the chassis. This may cause 
interference, and it is best to bond all remote tuning cables to the out- 
side of the chassis to he sure that they are at the same potential. 


IS. In some cases, the interference being heard is intermittent 
and is caused by loose electrical contacts in the electrical wiring of 
the car. Connections to all lights, No.l-U Stranded end 

horn button and horn, cigar light- Tinned Copper wire 

ers, etc., should be checked to see / 

that the contacts are clean and the 
wire connections are tight. It is a 
good plan to install lock-washers 

on all loose connections. Ltoose con- A ) ) 

nections will usually cause exces- X X 
sive “scratchy** noises in the loud 

speaker when the car is jolting / y f 

over a rough road. P*'" 

14. In a few cases it may be Solder from Ur^der 

noticed that interference is present V t ^ 
only when a passenger is in the ^ , 

front seat of the car. This type of Control T«b«« 

interference is caused by the fact OourUsy **Motor** 


that some automobiles have wooden 27-69. How the var- 

toe boards, or floor boards, and if metal tubes which are 

some high-tension wiring runs near brought through the dash may 
the bottom of the engine compart- bonded together and to the 

ment, the body of the driver or metal framework of the car 
passenger transmits the interfer- means of copper wire or 

ence from it to the antenna system. ‘‘bonding braid” soldered to 
This condition may be checked by them, 
getting in and out of the front 

seat and noticing whether the interference varies in strength. It 
may be eliminated by placing a piece of copper screening under the 
floor mat (it may be tacked to the floor board) and grounding the 
screening securely to the body or chassis of the car. When a wooden 
bulkhead is encountered, this must also be shielded with copper 
screening and grounded, or the same interference will be experienced. 


16. In those installations where a running-board antenna is 
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employed, a rather uimsual form of interference may be experienced. 
It may be found that a peculiar ^^clickingr*' sound that is not caused 
by the electrical system of the car is heard in the receiver while the 
car is in motion. This may be checked easily by tuninsr the receiver 
between two stations with the car in nwtion, but with the igtniiwn 
turned off {ooaeting down hill). The noise will usually cease as soon 
as the brakes are applied. In some cases, the interference is due 
to friction between the brake drum and the brake lining at some 
point, creating a charge of static electricity* The appMcation of 
^brake-juice'^ will usually remedy this condition since It makes the 
lining a better conductor. However, its use depends on the brake ad- 
justment and the kind of brake lining used and may not always be 
desirable. The noise may be eliminated by bonding the brake rods and 
brake assembly to the body of the car with heavy flexible braid with 
sufficient slack provided so that their movements will not be inter- 
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Fig. 27-60. — (A) commercial 
phosphor-bronze helical coil 
spring for ^‘grounding” the hub 
of the front wheel to the front 
“axle" in order to eliminate 
front tire “static”. 

(B) The method of mounting 
the spring in the front wheel 
hub cap. 


FRONT WHETEL HUS 
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fered^ with. Should this prove ineffective or impractical, tbe only 
remaining solution is to install an aerial in the roof of the car- 
away from the source of noise. 

16. “Tire static” is another cause of interference* Noise is 
obtained which is not due to the electrical system of the car or to the 
brakes. It is evident only when the car is in motion on a hard sur- 
face road, and ceases when the car is stationary. 

Tire static is due to the generation of static electricity by the 
friction between the rubber tires and the road surface. The electrical 
charges produced cause intermittent discharges to take place. 
Tlmse p^duce radiations which are heard in the radio receiver as 
noise. If ^ the wheels have wooden spokes, especially if large air- 
cushion tires are used, the static charges generated on the tire 
capn^ get to the metal wheel hub and axle since the wood acts as 
an effective insulator. In such cases, it may be necessary to bond 
the metal tire rims to the metal wheel hubs with flexible copper 
bonmng braid. However if wire or metal-disc wheels are used, Iphis 
Rouble is not usually experienced in the rear wheels, since these con- 
duct the static charges directly to the chassis of the car via the hub, 
the rear axle to which it is irigidly fastened, and the springs. 


GH. XXVII 


AUTO-RADIO RECEIVERS 


971 


In the case of the front wheels, static charges may accumulate 
even if the wheels are of metal, because the grease used to lubricate 
the front wheel bearings may form elfective insulating ox high- 
resistance films between the front-wheel bearings and the axle, thus 
imesenting a high-resistance path for the static charges to leak 
through intermittently to the axle and car chassis. One remedy for this 
condition is to mix some graphite (an electrical conductor) with the 
front-wheel grease so as to make it a better electrical conductor. 
A more permanent remedy though, is to use two coiled springs, as 
shown at (A) of Pig. 27-60, and insert each one between the axle and 
the hub cap of each front wheel, as shown at (B) of the figure. The 
spring should be about inches in diameter. Its starting end is in- 
serted in the centering hole which will be found in the end of the axle. 
It will make positive electrical contact between the rotating metal hub 
cap and the stationary front axle. If the wheel is of metal, the static 
charges will be conducted from the tire rim through it to the hub and 
axle and so wdll be discharged. If the wheels are of wood, the tire 
run may have to be bonded to the metal hub. When an under-car 
aerial is used, tire static may become particularly annoying. 

17. When an under-car or running board type aerial is em- 
ployed, the treatment of all wires and unbonded pairts of the car 
near the aerial and the lead-in become very important. Stop-light 
and tail-light leads may have to be shielded and by-passed to ground 
with ^-mfd. condensers. Since the gasoline feed lines, brake rods, 
etc., may conduct high-frequency interference currents back from the 
engine compartment and re-radiate this interference to the aerial, 
they should be properly bonded to the metal frame of the car. 

A study of the foregoing instructions for minimizing ignition 
interference shows that a considerable number of factors must 
be considered in this work. While it is rarely necessary to go 
through every one of the steps presented here and to apply every 
one of these remedies when installing modern sets in recent cars, 
it is a fact that the suppression of ignition noise to an allowable 
■ level is a very diflScult task in some cars — especially old ones. 
Experience provides very tangible and definite assistance in this 
work.* 

27-52. Auto-Radio Receiver Troubles. — The superhetero- 
dyne circuit is employed exclusively in auto-radio receivers at 
the present time, since its extreme sensitivity is a very valuable 
feature in automobile work. Automatic volume control is a very 
necessary requisite to good auto-radio reception, so it is incor- 

*Notb: For this reason, there has been presented in Sections 8 
and 9 of the author's Rodio Trouhle-Shooter*^ Handhooh, a compila- 
tion of numerous definite special measures which have been found to 
be effective in suppressing the ignition interference encountered in 
particular models of popular American cars. It is hoped that this 
information will prove helpful to those who may have occasion to 
install auto-radio in these cars. 
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porated in these receivers. Aside from the extreme compactness 
and the rise of remote tuning controls, the power unit which 
supplies the plate and grid voltages for the tubes is perhaps the 
only part of the auto-radio receiver which is radically dififereni 
from the ordinary home receiver. Since these sets are occassion- 
ally afflicted with exactly the same troubles that we have already 
studied for home receivers, they will not be considered again here. 
Suffice it to say that the same methods of analyzing them for 
trouble, and the same repair and aligning methods are used with 
them. However, since the power-supply unit is different and 
presents special service problems, it will now be considered. 

27-53. Plate Power Supply for Auto-Radio Receivers.— 
The power units employed to convert the 6-volt d-o current of 
the car storage battery to the higher d-c potentials (180 volts 
or more) required for the plate circuits of auto-radio receivers 
are of two general types: rotating and vibratory. In the rotary 
type, two forms must be distinguished. In the first one, a per- 
manent magnet is used for supplying the magnetic field; in the 
second, the field is furnished by electromagnets energized by cur- 
rent from the car storage battery. These will be considered in 
Art. 27-57. The vibrator type will be studied first- 

The vibrator type B-power supply unit is the most widely 
used type employed in auto-radio receivers, mainly because it 
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Fig. 27-61. — simple auto-radio vibrator and half-wave tube' 
rectiner circuit. 


is less costly than the other types. In this type, a rapidly- 
vibrating reed interrupter rapidly interrupts the battery current 
to produce a pulsating direct current. When this is fed through 
the primary of a suitable power transformer, it produces a high- 
voltage a-c in its secondary. This may be rectified either by 
some type of half -wave or full-wave tube rectifier, or by a mech- 
anical synchronous-rectifier arrangement on the vibrator, the 
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Fig. 27-62. — Left: Circuit arrangement of an 
auto-radio vibrator employing a full-wave recti- 
fier tube. Courtesy JP. K. M.*u.*Mry ds Co. 

Right: A typical auto-radio vibrator unit of this type. 


Contact A is normally held closed by the spring action of the vibrator 
reed. A small coiled spring S is shown here to represent the 
^‘springiness” of the reed. When the receiver is turned on, current 
from the car battery flows through the primary P of. the trans- 
former, through contact A, and through magrnet coil L, This induces 
a voltage pulse in the secondary winding S. Since the^ secondary 
has a much greater number of turns than the primary, it stej^s up 
the voltage, so that between 200 and 250 volts are induced in it. 
Meanwhile, coil L magnetizes its iron core. Its magnetism attracts 
the magnetic reed, thus quickly opening contact A and interrupting 
the primary current. This induces another high-voltage pulse in the 
secondary, but of opposite polarity from the previous one. As soon 
as the primary current is interrupted, L loses its magnetism and re- 
leases the reed. This closes contact A, and the primary current 
flows again. The complete cycle of events is established and is re- 
peated over and over, the reed vibrating back and forth rapidly. 
Meanwhile, a high-voltage a-c is induced in the secondary winding S. 
This may be applied to a conventional half-wave rectifier tube as 
shown, and the output filtered to« obtain a smooth d-c voltage for the 
plate and screen circuits of the receiver. 

Of course, this arrangement has all of the undesirable fea- 
tures associated with half-wave rectifier systems. 
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A typical full-wave system employing a full-wave rectifier 
tube is shown in Fig. 27-62. The vibrating reed in this case em- 
ploys three contacts A, B and C, arranged as shown. Contact 
A, actuating magnet coil L and resistor B. serve merely to cause 
the reed to vibrate rapidly, the action being the same as already 
explained. Resistor E acts merely as a current-limiting resistor 
for the primary circuit. The operation is as follows: 

When the reed is up so that contact A is closed, contact B is 
also closed. The battery current then flows through the upper half 
of the primary winding, through contact B, through the reed to ths 
end, and finally to the grounded A minus terminal and through the 
battery completing its circuit. Its path is shown by the dotted ar- 
rows. When the reed is down, contact B is open and contact C is 
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Fig. 27-63.— a ‘‘synchronous” auto-radio vibrator circuit ar- 
rangement in which full-wave rectification is accomplished by the use 
of synchronous contacts D and B, No rectifier tube is necessary in 
this system. 

closed. The current then flows through the lower half of the prim- 
ary iidading (in a direction opposite to its flow before), through con- 
through the reed, and down to A rniriue, as shown oy the 
spud arrows. In this manner, the current flows through half of the 
primary in ^e direction for a length of time equal to the time con- 
mct A and B are closed, and through the other half of the primary 
in the opposite direction for a time equal to that for which contact 
^ open and C is closed. This rapid reversal of the current through 
of the primary induces a higher alternating voltage in the sec- 
Pnoary by transformer action. The secondary is center-tapped and 
connected to a full-wave rectifier tube and filter in the usual manner. 

This, in general, is the operation of this form of vibrator ar- 
rangement, Notice that a separate rectifier tube must be used 
with each of the two types described. 

27-55. The Synchronous Vibrator-Rectifier B-Power Unit. 
& is possible to combine the vibrator and the rectifier actions 
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in a single vibrating reed, making the rectifier action mechanical 
instead of electrical, and synchronized with the action of the con- 
tacts in the primary circuit. In order to do this, another set of 
contacts, D-^E (shown in Pig. 27-63) which are added to the reed, 
are connected to the secondary winding, as shown. The 
purpose of these contacts is to automatically switch the connec- 
tions between the secondary winding and the filter circuit each 
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Fig. 27-64. — Simplified diagram showing the direction of flow 
of the primary and secondary current, and the circuit connections 
which exist when the vibrator reed in Fig. 27-63 is 

time the induced secondary voltage reverses. The voltage ap- 
plied to the filter circuit and the receiver will then he unidirec- 
tional, The operation is as follows: 

The coil L, current-limiting resistor R and contaet A ^ serve the 
same purpose described previously — ^to cause rapid vibration of the 
reed. When the reed is *‘up” so that contacts A, B and D are “closed", 
the circuit conditions are as drawn in Fig. 27-64. Current flows 
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Pig. 27-66. — Simplified diagram showing the circuit conditions 
when the vibrator reed is “down". 

through the lower half of the primary winding (drawn dark) and 
through contact B to ground, as shown by the solid arrows. This 
induces voltage in the upper half of the secondary winding; let us say 
the polarity is such as to make the top end negative and the center tap 
positive, as indicated. Then since the connection to the bottom end is 
open at contact E, no current flows through the lower half of the 
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winding so it is shown open for simplicity. The center-tap is then 
positive with respect to the upper end, so current dows out of it to the 
filter circuit and receiver, returns through the terminal 

through contact D and down through the upper half of the windW 
(which is drawn dark because it is in operation), as shown by the 
dotted arrows. 

The conditions at the next instant when the reed is **down”, and 
contacts C and IS are ^‘closed” {B and D are **open**) are shown in 
Pig. 27-66. The upper half of the primary, and the lower half of 
the secondary, are now in action- The path of the primary current 
is shown by the solid arrows ; that of the secondary current is shown 
by the dotted arrows. It is evident that although the polarity of the 
induced secondary voltage has now reversed (the center tap or top 
terminal of the secondary is now positive and the bottom end is 
neffative), contacts D and B have switched the connections so that 
the current still flows into the filter and receiver in the same direction 
as before — i.e., rectification has been accomplished. Notice that the 
center tap of the secondary is positive with respect to either end, 
in turn, and is solidly connected to the filter circuity and receiver. 
Therefore, all that contacts D and B do is to select the proper 
secondary terminal which happens to be negative at each half cycle, 
and switch it to the filter circuit. 

Since the contacts operate in synchronism with the voltage 
reversals, this is called a synchronous vibrator arrangement. 
The advantage of this system over that of Fig. 27-62 is that no 
rectifier tube is required. 

The vibrator circuits shown thus far contain only the ele- 
ments necessary to explain their operation. In actual practice, 
additional components are employed in them. The secondary is 
often shunted by a resistor and condensers, the primary lead is 
by-passed with condensers, and the battery leads have r-f chokes 
inserted in them — all to prevent the transmission of any inter- 
ference (caused by the interrupted currents, and the sparking 
at the contacts) to the radio receiver. Fig. 27-66 shows a typ- 
ical circuit arrangement used in a power unit of this kind when 
installed in an auto-radio receiver. The various chokes, by-pass 
condensers, etc., are drawn in their proper places. The connec- 
tion of the speaker field, pilot light, and heater circuit of the re- 
ceiver are also shown. Notice the liberal use of r-f chokes and 
by-pass condensers to prevent interference disturbances from 
entering the heater, screen grid, or plate circuits of the receiver. 

27-56. Servicing Vibrator Units. — ^It is usually not advis- 
able to attempt to service, adjust or repair a vibrator after it 
has given its normal period of service. Experience shows that re- 
paired or adjusted vibrators seldom give satisfactory, depend- 
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able service for any length of time, unless the repair or adjust- 
ment is a minor one. Replacement with a new vibrator xmit is 
usually the least expensive and most satisfactory course to fal- 
low when a vibrator gives serious trouble. Proper adjustment of 
many designs of these vibrators can only be made with special 
equipment which the service man does not possess — ^in fact many 
manufacturers try to insure freedom from tampering etc., by 
sealing the vibrator in such a manner that adjustment cannot 
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Fig. 27-66. — A typical complete synchronous vibrator and filter 
circuit in a commercial anto-radio receiver. Note that several r-f 
filter chokes and by-pass condensers are included in the battery cir- 
cuit to prevent the transmission of interference from the vibrator 
unit to the radio receiver by way of the common battery circuit. 


be made without breaking the seal (which automatically voids 
the guarantee). For those service men desiring to attempt to 
repair vibrator units, the following may prove helpful:* 

One simple way to check an auto-radio receiver to determine 
if the vibrator is operating satisfactorily, is to measure the 
total plate and screen current (in the main positive lead of the 
i5-filter) when the receiver is turned on. The current indication 
on the milliammeter should be steady and no appreciable flutter 
■of the pointer should be noticed. If the vibrator contacts are 

♦Note: Auto-radio vibrator testers are available to service men 
either as independent units or built-into certain makes of tube 
■checkers. 
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out of adjustmont or sticking, the current output will be ^^jumpy*^ 
The contact points of the vibrator give more trouble than any 
other part. They become oxidized, and pitted due to the current 
passing through them and the spark which occurs at their sur- 
faces. When they are in this condition, their operation is noisy 
and erratic and they often stick together. If they are not too 
badly pitted, they may be dressed down with a thin automobile 
breaker-point file, being careful to keep the surfaces square and 
parallel. Never file one surface at a time, for it wdll surely be 
rounded. Insert the file between the two surfaces, and pressing 
them together lightly, clean both at once. This will insure their 
being parallel and meeting each other squarely when making con- 
tact. Since the air gap varies in different makes of vibrators, no 
definite figure can be given for it, but about 0.006 of an inch is a 
fair average. It should be checked with accurate ^Teeler*^ gauges. 
The stationary points should be adjusted to be spaced equally 
distant from the reed contacts. Alignment of the points is gen- 
erally controlled by the position of one or more springs. These 
may be adjusted either by bending carefully at the base of the 
spring with a pair of long nose pliers, or by adjusting special 
screws which are provided for the purpose. A set of feeler gauges 
and a thin breaker-point file for this work may be purchased at 
any automobile supply store. 

If the vibrator fails to start when the receiver is switched 
on, faulty vibrator contacts should be suspected. Quite frequent- 
ly two contacts become ^*oxidized^\ ^'stuck'% or 'Velded^' together 
at their contact surfaces, this failure being caused by excessive 
sparking. They should be filed flat and the springs adjusted. 

Low battery voltage may also prevent the vibrator from 
functioning properly, despite the fact that the- receiver tubes may 
light up visibly. This low voltage may be due either to a weak 
battery or high-resistance connections. The set connection should 
be made to the battery side of the ammeter, otherwise the resist- 
ance of the ammeter may be sufficient to reduce the voltage at the 
vibrator to mch. a degree that it will fail to start. If any doubt 
exists, measure the voltage between the ‘‘A'' hot connection of the 
ammeter and ground with the set turned 

Vibrator-type J? -units sometimes cause interference noise 
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in the auto-radio receiver. This sounds exactly like that 
from the ignition system of the car; the di:fference is that the 
vibrator noise can still be heard when the car engine is shut off, 
whereas ignition system interference cannot. Interference of 
this sort, called 'Vibrator hash,^^ may be due to imperfect bond- 
ing between the battery-cable shield and the receiver; this shield 
must be grounded in several places (see Art. 27-51) . It may also 
be caused by coupling to the set output transformer, in which 
case a large capacity (about 4 mfd.) must be connected between 
positive B lead and ground. 

When, checking for trouble in vibrator unit filter circuits, it 
is well to remember to ^‘open'' the closed contacts of the vibrator by 
inserting a small strip of insulating material between the contacts 
(a piece of paper will do), to avoid a great deal of ^‘clipping*' or 
unsoldering of wires to isolate an ^"apparent short^* of the filter sup- 
ply. Unless this is done, an ohmmeter test across the output of the 
vibrator will disclose a reading of only several hundred ohms (the 
d-c resistance of one-half the power transformer secondary) leading 
one to suspect short-circuited or leaky filter condensers. When the 
vibrator unit is sealed, as many are, the insulating strip cannot be 
inserted between the closed contacts, and it will be necessary to 
unsolder the vibrator leads. In some instances, the vibrator is of 
the plug-in type (similar to a tube socket) in which case, it may be 
removed to permit further tests to be made. 

Occasionally, low d-c output from a full- wave vibrator unit 
may be traced to the failure of the secondary vibrator contacts 
bo open, making the unit operate as a half-wave rectifier. When 
a “shorted output^' is encountered with the tube-rectifier vibrator 
unit, test the rectifier tube before checking for short-circuited or 
leaky filter condensers. Leakage between cathode and heater 
will result in decreased output voltage, or “shorted output” in the 
case of a direct short-circuit between cathode and heater of the 
rectifier tube. “Leaky” or “shorted” buffer condensers will also 
cause trouble.* 

27-57. Generator Type B-Power Supply Units. — Genera- 
tor type B-power units which employ a permanent magnet field 


*^Notb: Vibrators are not all designed to operate at the same 
vibration frequency. Therefore, they require buffer condensers of dif- 
ferent capacities. Consequently, when replacing a faulty buffer con- 
denser, install a new one of the proper capacity — exactly the 
same capacity as the one originally used. Unless this is done, the 
vibrator contacts will arc badly. (Arcing with the new condenser in 
place may be w'orse than with the old one.) Don’t substitute a new 
1.0 mfd. condenser for a 0.1 mfd. faulty one, etc. 
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(called a ^‘magmotor'O usually require very little servicing or 
attention. The magnets must be kept fully magnetized, the 
bearings oiled at long intervals and all wiping contacts cleaned. 

Motor-generator or converter imits which employ electro- 
magnets for the field magnetism are also particularly free from 
annoying troubles as a rule. A typical compact unit of this kind 
is illustrated in Fig. 27-67. The entire unit is so compact that 
it is housed in a metal case that may be held in the palm of a 
hand. Its schematic circuit arrangement is shown in Fig. 27-68. 

Fig. 27-67. — A typical “generator" type 
B power supply unit for auto-radio re- 
ceivers. The unit is shown here with the 
cover removed so that the field core, field 
coil, and terminal arrangement may be 
seen. These units are so compact that 
they may be held in the palm of the hand. 

Oourte»y Pioneer OenrE-Mctor Oorp. 

The field coils F-F, as well as the motor portion, M, of the 
rotating armature operate from the car battery. The single arm- 
ature shaft is equipped with two separate windings and two separ- 
ate commutators. Into the motor armature M is fed 6-volt current 




Fig. 27-68. — The circuit arrangement of the “generator” type aiito- 
radio B power unit illustrated above. Both the r-f choke and B-fllter 
systems are built into the unit. 


from the car battery. The other armature (containing a larger 
number of turns of fine wire) is connected to commutator, O. 
This delivers generated d-c at a voltage suitable for operating 
the plate and screen grid circuits of the auto-radio receiver. The 
current is taken from the generator commutator by the two 
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brushes shown. Since the generator output is somewhat “ripply'^, 
it is filtered by the choke and filter condensers shown. B-F 
chokes and by-pass condensers are connected in both the input 
and output leads to the unit to prevent any interference from 
leaving it and entering the receiver by either the A or the B 
circuits. 

Perhaps the only servicing which units of this type require 
after very long periods of operation (unless burnouts of any of 
the windings occur) is that of attention to the two commutators 
and four brushes. The commutators and brushes should be kept 
clean, and the brushes should fit the contour of the commutator 
surface perfectly. The same procedure for cleaning the com- 
mutators and fitting the brushes that was explained in Art. 27-40. 
for car generators applies for these units also, so it will not be 
repeated here. 


REVIEW QUESTIONS 

1. List in consecutive order, at least 8 steps which must be taken 
to install a single-unit automobile-radio receiver having remote 
tuning control, in a car with a ‘‘turret” top. The car is not 
already provided with an aerial. 

2. What tools is it desirable for the automobile service man to have, 
in addition to his regular testing equipment, for the rapid 
installation of auto-radio receivers? State some uses for each 
of these tools. 

3. State and explain some of the mechanical requirements which 
should be met in the design of a modern automobile radio receiver. 

4. State and explain some of the electrical requirements for the 
above. 

6. What two main functions does the automatic volume control in 
auto-radio receivers accomplish? 

6. How many types of tuning controls are employed in auto-radio 
receivers? Describe each type, and state the car or installation 
condition under which it possesses advantages. 

7. How is remote tuning and volume control accomplished between 
the radio receiver, and the remote-control unit on the steering 
column? Explain! 

8. How would you proceed to reduce the length of a remote-control 
flexible shaft? 

9. What precautions must be observed when seeking a location for 
an auto-radio receiver? State the reason for each, and tell 
what might happen if these prepautions are not observed. 

10. When a satisfactory location for the receiver has been found, 
what is the general procedure for its installation in the car? 

11. Which is the “hot terminaT* of a car storage battery? 

12. What would you do if you found the battery terminals corroded 
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when making: the battery connection for an auto-radio receiver? 
Explain! What would be the effect of this corroded condition? 

13. Discuss at least five main requirements for a good auto-radio 
antenna system. 

14. What are the six different types of car top construction? 

15. Describe each type named in Question 14. 

16. Describe in detail the method of installing a wire-mesh aerial 
in a car of slat-top construction. 

17. Explain how the lead-in should be installed for the aerial in 
Question 16. 

18. What precautions should be taken, when using the poultry wire 
which is already in the top of the car for an aerial? 

19. What kind of an aerial would you install in a car having an all- 
steel roof? Why? 

20. Explain how you would install the aerial of Question 19. 

21. What are some of the disadvantages of the under-car wire-type 
aerial? What are its advantages? 

22. What are some of the disadvantages of the running board type 
aerial? What are its advantages? 

23. Why is it desirable for an automobile-radio service man to be 
familiar with the circuit arrangement, operation, and care of 
all common automobile ignition systems? 

24. Explain the four parts of the complete cycle of an internal com- 
’ bustion engine. At what point in the cycle does the spark plug 

fire? 

26, What is the purpose of the spark plug in the cylinder? How is 
it constructed? 

26. What does ‘^firing order” mean? 

27. Why are the cylinders in an automobile engine not made to 
fire in consecutive order according to their positions in the 
engine block? 

28. What is the chief purpose of the ignition system on an auto- 
mobile? 

29. An 8-cylinder engine has the following firing order; 1-8-6-8-7-5- 
4-2. Draw the 8 spark plugs, and number them consecutively, 
1-2-3-4-6-6-7-8. Now draw the proper connections from the dis- 
tributor cap terminals to the spark plugs of this engine, and 
number them. 

30. How is a voltage of several thousand volts obtained for the firing 
of the spark plugs in an automobile engine, when the only source 
of current on the car is the 6- or 12-volt storage battery (or car 
generator)? Explain fully! 

31. What is the purpose of the circuit breaker? How is it con- 
structed? 

32. What is the purpose of the circuit-breaker-cam? What are the 
'*lobes” on the cam? Illustrate your answer with a sketch. 

33. Why must the breaker points be kept clean, and their surfaces 
kept fat and parallel? 

34. Why must the gap between them be kept adjusted to the 

value? What will happen if the gap is too small; if it is . too 
large? : . . - , - ^ , ' - , 
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35. What is the purpose of the distributor? How is it constructed? 
What does it distribute? 

36. Why must the spark plugs be kept clean? Why must the gap 
be adjusted to the proper value? What will happen if the gap 
is too small; if it is too large? 

37. Describe the construction of a typical ignition coil. What 
feature of its construction is responsible for its ability to greatly 
step up the voltage supplied to its primary coil? 

38. What will happen the ignition system of an automobile, if the 
condenser across the breaker points: (a) open-circuits; (b) 
short-circuits. What effect will it have on the operation of the 
car in each case? 

39. Draw the circuit diagram of the ignition coil, circuit breaker 
arm and points, cam, and distributor rotor and points, for a 
6-cylinder engine in which a single breaker arm, and single 
ignition coil are used. 

40. Draw the same if a double breaker arm and single coil are used. 
(The cam has as many lobes as there are cylinders.) 

41. Draw the same if a double breaker arm, and two ignition coils 
are used. 

42. Draw the same for a 6-cylinder engine having a '^dual ignition*' 
system. 

43. What is the purpose of the car storage battery? Why must it be 
kept in a charged condition? 

44. What precautions would you take to keep the car storage battery 
fully charged, if you have installed an auto-radio set in the car? 

46- How would the electrical system of a car be affected, if the car 
were not equipped with a generator? 

46. What type of generator is used in modern cars? 

47. Explain in detail how the third brush maintains the generator 
voltage fairly constant even though its speed varies over a wide 
range when the car is driven at various speeds. 

48. How would you proceed to : (a) increase the charging rate of the 
generator; (6) decrease it. How would you find out exactly 
what the charging rate was at any time? 

49. What is the purpose of the cut-out on the generator? How would 
the electrical system of a car be affected if: (a) the cut-out 
failed to close at the proper time; (6) if it failed to open at 
the proper time? 

60. When does the generator supply the electrical sjrstem of the car 
with current? When does the battery supply it? Explain! 

51. Name six possible sources of electrical interference set up by the 
ignition and electrical system of a modem automobile. 

52. State (and explain) three ways in which the interference from 
these sources may reach the radio receiver installation. 

53. (a) Explain how the car generator may cause interference in 
the auto-radio receiver. (6) Explain how this interference may 
be eliminated. 

64. Explain how you would clean the commutator of a car generator. 

65. Explain how you would re-seat the brushes of a car generator. 

66. Explain how interference is set up by the high-tension circuits 
of the ignition system. 
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§7, Explain how this interference may be suppressed eifectively, atid 
simply. What is the theory of suppression by this method? 

58. Describe the construction of a typical “suppressor” resistor. 

59. How would you determine the type of suppressors to use for a 
certain type of car? 

60. Describe the construction of a typical spark plug provided with 
a built-in suppressor. What are its advantages; disadvantages? 

61. Explain why the suppressor is needed in the high-tension lead, 
between the ignition coil, and the distributor. 

62. What is the purpose of the by-pass condenser which must be 
connected at the ammeter of the car? 

63. If the auto-radio receiver is still noisy after the “standard” 
suppression methods have been applied to the car, how would 
you determine whether the interference is coming from the 
electrical system of the car, or from some source entirely ex- 
ternal to the car? 

64. If your test shows that the interference is coming from the 
electrical system of the car, how would you determine definitely 
whether it is being picked up by the antenna circuit, or whether 
it is entering through the. battery supply circuit through the 
receiver ? 

66. In the former case, (Question 64) how would you proceed to 
eliminate the interference? 

66. In the latter case (Question 64) what would you do 

67. What is meant by “electrical bonding?” What is its purpose, 
and how does it accomplish this purpose? 

68. How would you determine whether or not a particular electrical 
accessory on a car was causing interference in the auto-radio re- 
ceiver? 

69. Why is it that we connect resistors in the high-tension circuits 
to suppress ignition interference, but connect condensers in the 
low tension circuits to suppress interference? Explain! 

70. Explain how the dome light wiring is apt to cause interference 
in the auto-radio receiver, if a roof type aerial is used. 

71. How would you proceed to find out definitely whether the dome 
light wiring is causing the interference? 

72. Why is it often necessary to move an ignition coil from its posi- 
tion under the instrument panel to a point close to the distributor 
in the engine compartment when an auto-radio receiver is in- 
stalled? When is mere shielding of the high tension lead to the 
distributor sufficient to eliminate interference from this cause? 

73. List as many miscellaneous causes of noise in auto-radio in- 
stallations, as you can think of. 

74. Describe two different forms of vibrator B units used in auto- 
radio installations (one using a tube rectifier and one employing 
a mechanical rectifier). Explain the operation of each. 

75. Explain how you would test a vibrator unit in an auto-radio 
receiver in order to determine if it is in good operating condition. 

76- Explain how you would proceed to clean and adjust the contact 
points in a unit of this kind. 

77- What attention does a rotary type auto-radio B power unit 
require? 



CHAPTER XXVIII 


SERVICING ALL-WAVE RECEIVERS 

28-1. Introduction. — ^The all-wave receiver has dominated 
the receiving field to such an extent that it may now be con- 
sidered the most popular type of home receiver. It must not be 
supposed from this statement, however, that it is the most used 
type of set, for all-wave reception has been popularized for only a 
relatively short time, while the single-band set has been in use for 
many years and millions of them are still in use. Nevertheless, 
these older receivers are being replaced rapidly, and before many 
years have passed, all-wave receivers will rmdoubtedly form a 
large majority of the receivers in use. The servicing of these sets 
is already calling for a large proportion of radio service men’s 
time and skill. 

Practically all all-wave home type receivers are superhetero- 
dynes. They may or may not have a tuned r-f stage preceding 
the mixer, but they all contain the usual oscillator, mixer, i-f 
amplifier, second detector and audio amplifier. The fundamen- 
tal circuit and principle of operation of the all-wave receiver is 
therefore identically the same as for the standard broadcast band 
receivers which we have already discussed, and the service man 
should expect radical differences in their design. However, because 
of the switching systems and the relatively high frequencies in- 
volved, the requirements for successful operation — and hence for 
successful servicing — are much more rigid than they are for 
standard broadcast band receivers. However, the procedure to 
be followed when testing and servicing an all-wave receiver 
is sensibly the same as for a standard broadcast band receiver, 
and no great deviations from standard practice should be ex- 
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pected. The same analyzers, tube checkers, measuring instru- 
ments, etc,, are employed; the only important point in this re- 
spect being that the test oscillator must be of the all-wave type 
capable of operating over the complete range of all-wave band 
frequencies (see Art. 16-1). 

All- wave receivers, however, do have several important spec- 
ial features in their construction and have several peculiar char- 
acteristics which are not found in standard broadcast band re- 
ceivers. Since the service man must be familiar with them, this 
chapter will be devoted to discuss them and present the special 
troubles (and their remedies) that arise because of them. It is 
fortunate, however, that it is not necessary to resort to special 
test methods for their localization, the usual testing routine will 
reveal them. 

28-2. RMA Receiver Designations. — ^With the increased 
popularity of receivers affording short-wave reception facilities, 
a great deal of misconception and misunderstanding has arisen 
concerning the proper designations of the various types of radio 
receivers, particularly with respect to the particular wave band 
which they cover. 

Numerous cases of misleading advertising by manufacturers 
who provided limited short-wave tuning facilities (down to about 
175 meters) in their receivers (by incorporating in them a simple 
switching arrangement which decreases the inductance of the 
tuned circuit for short-wave reception by tapping it at the proper 
point so that police station signals could be brought in) has also 
added to this confused condition. These manufacturers adver- 
tised their sets as all-wave'^ receivers, and in many instances 
the owners of these sets really believe they have purchased all- 
wave receivers and cannot understand why they are unable to 
tune in important short wave broadcasts which friends who own 
real all-wave receivers are able to get. Service men are often 
called in to service such receivers because the owners think some- 
thing has gone wrong with them — ^when in reality the sets are 
working perfectly (but of course only on the bands they were 
designed for) . 

In order to clarify this situation the RMA (on Nov, 12, 1034) 
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defined the following radio receiver designations as standard in 
the United States. 

1. A Standard Broadcast Receiver is one which will respond 
to the entire broadcast frequency range of 540 kc (555.2 
meters) to 1,600 kc (187 meters). 

2. An All-Wave Receiver is one whose tuning ranges will re- 
spond to all frequencies between 540 kc (555.2 meters) and 
18,000 kc (16.6 meters) . 

The term '^dual-wave'' receiver which was used for some time to 
designate receivers covering the ^'standard” range between 540 
and 1,600 kc, and also the continuous “short-wave^’ band between 
4,000 and 20,000 kc, has been officially discontinued by the RMA. 

28-3. Use of Terms “Kilocycle**, “Megacycle** and 
“Meters**. — ^When speaking of the “short wave” channels, it is 
sometimes convenient to use the term megacycles (abbreviated 
me) instead of kilocycles or wave length. The frequencies in- 
volved are so high that it is much easier to conceive of frequency 
in terms of megacycles than in terms of kilocycles. (It is well 
to remember that 300 divided by the wavelength in meters is 
equal to the frequency in megacycles.) 

There are one or two exceptions to this general rule : when a 
much used short-wave broadcast band involves a wavelength 
which is an odd figure that does not divide evenly or convenient- 
ly into 300 (the frequency of which is therefore an odd number 
which is inconvenient to remember) the wavelength is gener- 
ally specified instead of the frequency. For example, the 49- 
meter band is a “standard” short-wave broadcast band; it could 
be expressed in terms of frequency (6.123 megacycles), but this 
is such an inconvenient number to remember, that in common 
practice it is always referred to it in terms of wavelength. 
Throughout this chapter we will use that designation which is 
most convenient for a quick comprehension of the quantity in- 
volved. 

28-4. The Radio Spectrum. — ^In view of the wide frequency 
range covered by the all- wave receiver, it is important to have 
a fairly accurate idea of what can be heard on the various bands 
so that receiver reception tests can be carried on intelligently. 
The Standard American Broadcast (540 to 1,600 kc) and the 



988 


MODERN RADIO SERVICING 


CH. XXVIII 


Police Call (1,600 to 1,720 kc and 2,300 to 2,500 kc) bands are 
well-standardized, and most service men are aware of what is 
and what is not available for either entertainment or test pur- 
poses on them. But, below the so-called Police Band there are 
short-wave bands of somewhat confused assignments, both 
national and international. 

The service man should become well acquainted with the 
general divisions of the short-wave region and the times of the 
day when programs are most likely to be heard from the various 
short-wave broadcast stations operating on the various bands in 
it (due allowance being made for time differences, the geograph- 
ical location of the transmitting station, etc.). 

28-5. Short-Wave Transmission Peculiarities. — ^The ser- 
vice man should also acquaint himself with some of the more 
important transmission characteristics and peculiarities of short- 
wave signals. Among these are ^ffading", *'skip'’, etc. (see Ghir- 
ardii^s Radio Physics Course). The following information con- 
cerning the transmission characteristics of the various common 
short-wave bands on which short-wave broadcasts of an enter- 
taining type will be found will prove helpful when making actual 
receiver reception tests on these bands. 

13-Meter band (21,450 to 21,850 kc) : Stations operating in this 
band are best heard when the area traversed by the signal lies within 
the daylight period. 

16-Meter band <17,750 to 17,850 kc) : Stations operating in this 
band are best heard when the area traversed by the signal lies within 
the daylight period. 

19-Meter band (15,100 to 15,350 kc) : Stations operating on this 
band are heard best when the distance between the transmitter and 
receiver is greater than 1,500 miles, and when the area traversed by 
the signal lies within the daylight period. Reception on this band is 
unreliable when a considerable portion of the traversed area is in 
darkness. 

25-Meter band (11,700 to 11,900 kc): Broadcast transmission on 
these wavelengths is usually well received at distances exceeding 1,000 
miles. At distances less than 2,000 miles best reception will be ob- 
tained during the daylight hours. With favorable conditions the more 
distant stations can be received during the early hours of darkness. 

31-Meter band (9,500 to 9,700 kc) : Stations included in this wave 
band^ area offer reliable service during both the day and the night in 
localities situated more than 800 miles from the transmitter. 

49-Meter band (6,000 to 6,200 kc): Transmission on wavelengths 
in this part of the short-wave spectrum is best received when the dis- 
tance between the transmitter and the receiver is 300 miles or morA 
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For reliable reception at locations 1,500 miles or more from the sta- 
tion, it is usually necessary that a considerable portion of the area 
traversed by the si^al be in darkness (nightfall). 

28-6. The Audio and Power System in All-Wave Re- 
ceivers, — ^The all-wave receiver of today is of the superhetero- 
dyne type (with rare exceptions). It consists, therefore, of one 
or two tuned r-f stages, a mixer, an i-f amplifier, a second de- 
tector, an audio amplifier, and a power unit. Since the audio 
amplifier and power unit are similar in every respect to those 
used in standard-band receivers, no further comment regarding 
them is necessary here. They are tested, serviced and repaired 
in the manner described in previous chapters in this book. The 
reader is referred to them for further details. 

28-7. The I-F Amplifier. — The i-f amplifier in the all-wave 
receiver differs somewhat from that in a standard-band set. 
The circuit arrangement is usually the same, but the electrical 
characteristics are different. First of all, the i-f tised is high — 
much higher than in a standard-band receiver. 472.5, 465, 460, 
456 and 450 kc are commonly used intermediate frequencies in 
all-wave receivers.* 

It is necessary that the i-f be high in order to minimize 
^Image frequency'^ interference (see Art. 23-13). (The fre- 
quency of the ‘hmage^’ signal is higher than that of the “desired” 
signal by an amount numerically equal to twice the i-f employed 
in the receiver.) The reason why a high i-f reduces the image 
frequency interference in an all-wave receiver may be understood 
from the following consideration. Let us consider the effect for 
a “standard” broadcast band signal of 1,000 kc first. At a 
receiver dial setting of 1,000 kc and with an i-f of 175 kc, the 
frequency of the “image” signal is (1,000 + [2 X 175] ) = 1,350 
kc. Now a 1,350 kc signal differs from the desired signal (1,000 kc) 
by 350/1,000 X 100, or 35% of the desired signal frequency. 
If the i-f were higher (say 450 kc), the new image signal (1,900 
kc) would differ from the desired signal (1,000 kc) by 900/1,000 
X 100, or by 90% of the desired signal frequency. The advantage 

*Note: The reader is referred to Section 2 of the author’s Radio 
Trouble-Shooter^. 8 Handbook for a complete list of the intermediate 
frequencies used in both all-wave and standard-band receivers. 
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of using the higher i-f is apparent, for it is much easier for the 
tuned circuits of the receiver to eliminate the image interfering 
signal if its frequency differs from that of the wanted signal by 
90% than it is if the frequency difference is only 35%. This 
illustrates the advantage of using a high i-f in order to reduce 
*Hmage frequency^' interference insofar as reception of signals 
in the standard broadcast band is concerned. 

Now let us consider the effect of a high i-f when short-wave 
signals are being received. Consider the case for the reception 
of a 15,000 kc signal. If the same low i-f (176 kc) were used, 
and the receiver were tuned to this 15,000 kc signal, the fre- 
quency of the image signal would differ from that of the desired 
signal by 350/16,000 X 100, or by only 2.33% of the desired 
signal frequency. If a higher i-f of 460 kc is employed instead, 
the frequency of the 'hmage interfering signal^ ' differs from that 
of the desired signal by 900/15,000 X 100 or by 6% of the desired 
signal frequency. Hence the amplifier tuned circuits are better able 
to discriminate against the unwanted ^Image signal”, although 
with only 6% frequency separation the pre-selector r-f stages 
ahead of the mixer must be relied upon for most of this signal sep- 
aration. This is the condition which exists in all-wave receivers. 

These simple calculations are sufficient to show that image 
interference will occur in all-wave receivers unless special pre- 
cautions are taken to increase the selectivity of the r-f stages 
ahead of the mixer, or some other effective precaution is taken. 
It is evident that if a single i-f is used for both short-wave and 
broadcast band reception some compromise must be effected. The 
image interference problem dictates that a very high i-f be used 
for its solution. However, it is not advisable to employ a very 
high i-f for standard broadcast band reception because the i-f 
will then fall within the standard broadcast band range. The 
compromise i-f frequencies which are therefore being used in all- 
wave receivers lie in the region between about 450 and 472.5 kc. 

28-8. The A VC System, — ^The avc system is used for a 
slightly different purpose in the all-wave receiver than in the 
standard-band set. Signal fading is very common on the high 
frequencies, and it is one of the functions of the avc systena to 
vary the sensitivity of the receiver in inverse prpportiqtl to 
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signal strength (which varies because of fading) . The prevention 
of overloading of the audio amplifier, the main requisite of the 
avc system in the standard-band set, is of secondary importance 
in the all-wave receiver. To the service man, therefore, this state 
of affairs means that the values of the components used in the avc 
system must be exactly as specified by the receiver manu- 
facturer. 

The service problems involved in the i-f amplifier are not 
different from those encountered in standard-band receivers, and 
the reader is referred to Chapters XIX and XXV for complete 
details on avc systems and superheterodynes, respectively. 

28-9. The Mixer Stage. — ^The mixer tube (first detector) 
circuit of the all-wave receiver is often different from that 
used in a standard broadcast band set because of the higher fre- 
quencies involved on the majority of its bands. Mixer stages 
may be classified according to the tube used: those having a 
combination oscillator first detector, and those using separate 
tubes for these purposes. 

As shown in Chapter XXV, receivers using separate oscillator 
and first-detector tubes must provide for some coupling arrange- 
ment between the first detector and oscillator. This coupling may 
be magnetic, electrostatic, resistive or electronic. The details of 
the first three systems have already been covered and will not 
be repeated here; the electron-coupled system used between os- 
cillator and first-detector when a separate oscillator tube is em- 
ployed will be explained shortly. Combination oscillator and 
first-detector tubes also have been referred to in Chapter XXV, 
and the details will not be repeated again. However, there are 
several characteristics of this system that are of small import- 
ance on the standard band but which assume appreciable signi- 
ficance as the frequency is increased. 

Figure 28-1 is the schematic circuit diagram of a typical 
oscillator first-detector circuit. I/, and Lp are the grid-plate 
coils of the oscillator section, and they connect to Gi and Gt of 
the tube, respectively. is the signal grid, which is shielded 
from the oscillator section and the plate by Gs and Gs- Now, 
the oscillator section is distinct from the signal section, so that 
the triode portion of the tube, composed of the cathode, Gi, and 
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G*, generates oscillations in the usual manner. Mixing of the 
signal and the oscillator is accomplished because the oscillator 
plate, Gtf (as well as the grid) is in the path between cathode and 
output plate. Therefore, it varies the electron stream and in 
addition the signal grid, varies the electron stream; thereby 
'‘mixing^' the two signals. This is known as electron coupling. 

NTow it is evident that at the very high frequencies encoun- 
tered in short-wave work, a certain amount of capacity does exist 
between and G2 in spite of the shield Ga, with the result that 
the signal, if strong enough, can induce a voltage on the oscil- 



Fig. 28-1. — Schem- 
atic diagram showing 
the circuit arrange- 
ment of a typical os- 
cillator — ^first-detector 
circuit employed in 
superheterodyne re- 
ceivers. A single 2A7 
or 6A7 combination 
tube perforins both 
functions. 


lator plate, G'g, and so cause the oscillator frequency to shift. 
This frequency shift becomes greater as the signal and oscillator 
frequencies approach equal magnitudes. Of course, under these 
conditions perfect alignment of the circuits is not possible regard- 
less of the care used in the alignment, because the frequency of 
the oscillator is a function of the signal voltage. Although the 
amount of frequency shift is not large; however, in some cases 
it may become large enough to be important. 

Still another possibility exists I Since the plate voltage of 
the oscillator is varying (see Chapter XY), the oscillator can 
induce a voltage on the signal grid, because the capacity between 
the two grids becomes appreciable at high frequencies. This 
means that the signal grid now has a voltage on it of the same 
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frequency as the oscillator. This voltage can react on the os- 
cillator plate and cause shifting of the frequency. The induced 
voltage on the signal grid depends upon the impedance in the 
signal-grid circuit: if it is large, the induced voltage is large; 
and if it is small, the induced voltage is small. This means that, 
if the signal and oscillator frequencies are close (low i-f ) , 
oscillator instability will occur, 

A practical method of minimizing this undesirable condition 
is to use a separate oscillator tube and couple its output to one 
of the grids in the converter tube, as shown in Fig. 28-2. Gj 
is now grounded to the cathode, and, therefore, acts like a pen- 
tode grid in an ordinary output tube. The capacity between Gi 


Fig. 28-2. — Electron 
coupling between the 
oscillator and mixer 
sections of the tube to 
minimize shifting of 
the oscillator fre- 
quency. 



and Gjt is reduced to a small value, and the frequency of oscilla- 
tion cannot change materially because it is determined by a 
separate tube in which the grid Gi of the converter tube plays a 
small part. Gi, therefore, is nothing but a means of coupling the 
oscillator voltage to the mixer tube (first detector). 

This system has the further advantage that increased output 
voltage is obtained on the high frequencies, as it has been found 
that the triode portion of converter tubes are not strong oscill- 
ators on the high frequencies. It will sometimes be found that 
another tube is connected in parallel with the triode section of the 
converter tube to increase the oscillator output if an external 
oscillator is not employed. 

The method of coupling the oscillator to the first-detector 
shown by Fig. 28-2 is not used in single-band sets because on 
these receivers the oscillator frequency always differs from the 
signal frequency by a relatively high per cent. Furthermore, the 
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occur when this is done; otherwise no change will be noticed. 
Whether the current increases or decreases depends upon the 
type of oscillator. Almost invariably, one which functions with 
a grid leak will show a rise in current when it stops oscillating^ 
whereas one which has a low resistance grid-cathode path and is 
biased by a battery or by a cathode resistance will show a de- 
crease in current. A normal oscillating condition is also in- 
dicated by a steady small variation of the plate current as the 
tuning condenser is rotated. 

If the foregoing test shows that satisfactory oscillation is 
not being obtained, the tube should be checked and another sim- 
ilar one tried. If this fails to reveal the trouble, the connections 
to all grid and plate coils in the oscillator circuit should be 
checked for open-circuits and short-circuits. All by-pass and 
grid condensers should also be tested for leakage, opens, and 
shorts. Resistors which may possibly be the cause of trouble 
should also be tested. In some cases, a few turns must be added 
to the feedback coil, but this is not usually the case since it is as- 
sumed that the set was properly designed and operated satis- 
factorily when new. 

28-11. The Oscillator Padding Circuit. — ^The most radical 
difference between the oscillator design in standard broadcast 
receivers and that used in all-wave receivers lies in the padding 
circuit. As pointed out in Art. 25-17 of Chapter XXV, proper 
^'tracking^^ of the oscillator frequency with that of the signal 
circuits in standard broadcast receivers is often accomplished 
by designing the oscillator tuning condenser plates so they have 
a different shape than those used for tuning the r-f circuits. It 
was also pointed out that this arrangement is not satisfactory 
when different coils are used for tuning to the different bands, 
as one plate shape is suitable only for one set of coils. There- 
fore, in all-wave receivers, it is necessary to resort only to the use 
of padding condensers to maintain proper ^Hracking” between the 
oscillator frequency and that to which the signal circuits are 
tuned. 

Figure 28-3 shows three types of padding circuits in common 
use; together with a common signal tuning circuit at (A) for 
comparison. The oscillator tuning and padding circuits are 
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ahown at (B), (C) and (D). In all of these circuits C is the 
main tuning condenser, which is used on all the bands for all the 
tuning; C*is used to adjust the distributed and stray capacities 
of the oscillator and signal circuits to equal values; the remain- 
ing condensers are used for correct ^^tracking'^ adjustment. Since 
the theory of operation of these circuits was presented in Art. 
25-17, and the method of adjusting them for correct '^tracking’" 
was given in detail in Art. 25-18; it will not be repeated here. 
The main point to bear in mind is that in all-wave receivers 
there is a separate signal circuit coil and trimmer condenser as- 



Fig. 28-3. — Comparison of the signal circuit and three types of 
oscillator tuning circuits used in all-wave receivers. 


aembly and a separate oscillator coil and padder circuit con- 
densed assembly for each waveband the receiver is designed for. 
Therefore, when aligning the oscillator and signal circuits of the 
receiver, adjustment of the proper trimmer and padding con- 
densers for the particular coils used for the band must be per- 
formed — and this must he done for each separate band. Some 
idea of the number of coils which are employed in a 3-band all- 
wave receiver employing a stage of t-r-f amplification ahead of 
the mixer may be gained from an inspection of the illustration 
of Fig. 28-8, which shows the tuner section of the chassis of a 
typical all-wave receiver with the coil shields removed. There 
is an r-f, mixer and oscillator circuit coil for each band — 9 coils 
in all. The condensers which must be adjusted are built into the 
bases of the individual coils. 

As far as the service man is concerned, this means that one 
wave band requires 2 or more adjustments for the mixer and 
oscillator, and if there are four bands, 8 or more adjustments 
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will be required. If there is a stage of tuned r~f ahead of the 
mixer, then four more adjustments are required, making a total 
of twelve or more. Two stages of i-f use three transformers, 
and since each usually has two adjustments (one for the prim- 
ary and the other for the secondary) , six more are adcied, mak- 
ing a grand total of 18 or more adjustments for the alignment 
of this particular all-wave receiver. Some receivers having this 
many stages and wave bands require even more adjustments. 

The same type of oscillator padding circuit is not used on all 
bands in every case. In some receivers, the standard band may 
use circuit (C) of Fig. 28-3, the first short-wave band circuit 
(D) and the remaining high-frequency bands circuit (0). This 
arrangement is not universally used ; many sets employ others. 

28-12. Line-Up Frequencies and Procedure for All-Wave 
Receivers. — There are definite frequencies at which the various 
circuits of an all-wave receiver are aligned. Common frequencies 
at which alignment is performed are, 600 kc, 1,400 kc, 4,800 kc 
and 15,000 kc, and the i-f employed in the receiver. The 600- 
and 1,400-kc points are for the standard band, the 4,800-kc point 
is for the first short-wave band, the 15,000-kc point is for the 
second short-wave band, and there may or may not be a line-up 
point for the final band. The exact line-up frequencies for a 
given set must be obtained from manufacturer's data, as few 
receivers cover precisely the same band for each position of the 
wave -changing switch; hence each make of set must be lined up 
at different frequencies. 

In general, it will be found that the highest frequency band 
requires no adjustment at all because, for this band, large changes 
in the padding condensers make small differences in the resulting 
i-f, so that once a fixed unit has been installed, and adjusted at 
the factory, no further adjustment is usually required. 

As has been mentioned, the procedure to follow for alignment is 
sensibly the same as for the standard-band receiver described in 
Chapter XXV (with the exception that the r-f, mixer and oscil- 
lator stages are adjusted on each band) , and the reader is referred 
to it for further details. Of course, the test oscillator used for 
aligning the set must cover the desired frequency range with 
sufficient output ; in some cases it is desirable to also measure the 
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image response on the higher frequencies (see Art. 28-14) ; the 
test oscillator described in Chapter XVI, and most of those de- 
scribed in Chapter XYII, are suitable for this purpose. For any 
alignment procedure that is different than that described in the 
general data already given in this book, the service notes of the 
receiver manufacturer should be consulted. 

In order to give the reader some idea of the number of ad- 
justments, what they are, and the order in which they must be 
made in order to completely align a modern all- wave receiver, 
the manufacturer’s alignment instructions for a typical 3-band 
all-wave receiver of popular make are reproduced here (by cour- 
tesy of the RCA Mfg. Co., Inc.). Of course these instructions 
do not apply exactly for other receivers. 

(1) Checking with the tuning wand: 

Before making any r-f oscillator, or first detector adjustments, 
the accuracy of the existing adjustments may be checked with a tun- 
ing wand (see Arts. 23-6 and 26-18). This wand consists of a bake- 
lite rod haying a brass cylinder at one end and a special finely 
divided iron insert at the other end. Inserting the cylinder into the 
center of a coil lowers its inductance, while inserting the iron end 
increases its inductance. From this, it is seen that unless the trim- 
mer for a particular coil is properly aligned, the wand may increase 
the output of the receiver. A perfect adjustment is evidenced by a 
lowered output when either end of the wand is inserted into a coil. 

The shield over each r-f coil assembly has a hole at its top for 
entrance of the tuning wand. An example of the proper manner of 
using the tuning wand would be to assume the test oscillator were 
set at 1,720, the signal tuned in, and the output indicator connected 
across the voice coil of the loudspeaker. (Note: A cathode-ray os- 
cilloscope properly connected may be used as a visual output in- 
dicator, as explained in Arts. 26-38 to 26-42.) Then the tuning wand 
should be inserted, first one end and then the other end, into the top 
of the three transformers at the left of the r-f assembly, facing the 
front of the chassis. A perfect adjustment of the trimmer would be 
evidenced by a reduction in output when each end of the wand is 
inserted into each of the three transformers. If one end — ^for ex- 
ample, the iron end — when inserted in one coil caused an. increase 
in ouput, then that circuit is high. An increase in the trimmer cap- 
acitance would be the proper remedy. 

C2) I-F Tuning Capacitor adjustments: 

Since this receiver has one i-f stage, there are two i-f trans- 
formers, each having two adjustable capacitors requiring adjustment. 
The transformers are all peaked, being tuned to 460 kc. 

The detailed procedure for making the i-f stage adjustments 
follows : 

(a) Connect the output of the test oscillator operating at 460 kc 
between the first detector ^rid and ground. Connect the out- 
put indicator across the vqice coil of the loudspeaker. 

(b) Place the receiver in operation and adjust the station selector 
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until a point is readied where no sig’iials are heard. Then turn 
the volume control to its maximum position. Reduce the test 
oscillator output until a sligrht indication is obtained in the 
receiver output indicator. 

(c) Adjust the trimmers of the i-f transformers until a maximum 
output is obtained. Go over the adjustments a second time! 

This completes the i-f adjustments. It is good practice to follow 
the i-f adjustments with the r-f and oscillator adjustments due to 
interlocking which often occurs between the two. 

(3) R-F, oscillator and first detector adjustments: 

Four r-f oscillator and first detector adjustments are required in 
band Three are required in bands ''B’’ and 

To properly align the various bands, each must be aligned in- 
dividually in the order given. This is, “B” and The pre- 

liminary set-up requires that the test oscillator be connected between 
the antenna and ground terminals of the receiver and the output 
indicator be connected across the voice coil of the loudspeaker. The 
volume control must be at its maximum position and the output of the 
test oscillator must be at the minimum value possible to get an out- 
put indication under these conditions. In the high frequency bands, 
it may be necessary to disconnect the test oscillator from the receiver 
and place it at a distance in order to get a sufficiently low input 
to the receiver. 

The dial pointer must be properly set before starting actual 
adjustments. This is done by turning the variable capacitor until 
it is at its ‘^maximum capacity” position. One end of the pointer 
should point exactly at the horizontal line at the lowest frequency end 
of band “A”, while the other end should point to within 1/64 inch of 
the horizontal line at the highest frequency end of band “A”. 

Band ‘‘A” 

Care must be exercised to adjust only those trimmers in the 
hand under adjustment in each case. 

(a) Set the band switch at '‘A”, 

(b) The oscillator series capacitor, located on the rear apron of 
the chassis, should be set at about the center of its range. 

(c) Tune the test oscillator to 1,720 kc, set the pointer at 1,720 
kc and adjust the oscillator, detector and r-f trimmers for 
maximum output. 

(d) Shift the test oscillator frequency to 600 kc. Tune in the 
600 kc signal, irrespective of scale calibration, and adjust 
the series trimmers, located on the rear apron of the chassis, 
for maximum output, at the same time rocking the variable 
tuning capacitor. Then readjust at 1,720 kc as described 
in (c). 

Band “B” 

(a) Set the band switch at 

(b) The detector and antenna trimmers should first be tightened 
to approximately % maximum capacity (turned % inch). 

(c) Tune the test oscillator to 5,160 kc, set the pointer at 6,160 
kc. Adjust the set oscillator trimmer for maximum output. 
The trimmer should be set at the first peak obtained when 
increasing the trimmer capacitor from minimum to maximum. 

(d) Check for the image signal,^ which will be received at ap- 
proximately 4,240 kc on the dialvc*^ the trimmer is set prop- 
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erly in accordance with (c). It may be necessary to increase 
the test oscillator output for this check. 

(e) Reduce the capacity of the detector trimmer, while rocking 
the tuning capacitor, until the signal disappears. The first 
detector circuit is then aligned with the oscillator circuit 
and the OAT mixer tube is blocked. Then increase the cap- 
acity of the detector trimmer, while rocking the tuning con- 
denser, until the signal is ^‘peaked” for maximum output. 

<f) The antenna trimmer should now be peaked for maximum 
output. It is not necessary to rock the main tuning cap- 
acitor while making this adjustment. 

Band "‘C” 

(a) Set the band switch at 

(b) The detector and antenna trimmers should first be tightened 
to approximately %, maximum capacity (turned % in.) 

<c) Tune the test oscillator to 18,000 kc, set the pointer at 18 Me. 
Adjust the set oscillator trimmer for maximum output. The 
trimmer should be set at the first peak - obtained when in- 
creasing the trimmer capacitor from minimum to maximum. 

(d) Check for the image signal, which will be received at ap- 
proximately 17,080 on the dial, if (c) has been properly 
done. It may be necessary to increase the test oscillator out- 
put for this check. 

<e) Reduce the capacity of the detector trimmer, while rocking 
the tuning capacitor, until the signal disappears. The first 
detector circuit is then aligned with the oscillator circuit and 
the OAT mixer tube is blocked. Then increase the capacity 
of the detector trimmer, while rocking the tuning capacitor, 
until the signal is peaked for maximum output. 

(f) The antenna trimmer should now be peaked^ for maximum 
output. It is not necessary to rock the main tuning capacitor 
while making this adjustment. 

A comparison of these alignment instructions with those pre- 
sented in Arts. 25-13 to 25-19 for standard broadcast band re- 
ceiver alignment, will show the reader that the essential differ- 
ence between the alignment procedures for these two general 
types of receivers is simply one of detail — ^since the r-f, mixei 
and oscillator circuits of all-wave receivers must be adjusted on 
each band, a larger total number of adjustments must be made. 

28-13. Use of Low Test-Oscillator Signal Level During 
Alignment. — word of caution regarding the test oscillator 
signal employed for the alignment of all-wave receivers is im- 
portant. It is advisable to use the lowest possible power from 
the test oscillator, which will permit the alignment procedure 
to be started. This is especially important when aligning the 
'*short-wave’^ bajids of most all- wave receivers. If the test os- 
cillator is set to deliver a powerful output signal, its harmonics 
will be comparatively strong and will be fed into the receiver 
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-along with the desired frequency. For example, if the test os- 
cillator were set at a frequency of 800 kc and adjusted to deliver 
a powerful output signal, its 1,600-kc second harmonic, 2,400-kc 
third harmonic, and 3,200-kc fourth harmonic would have ap- 
preciable strength and be fed to the receiver. Since a large 
number of all-wave receivers (especially the ^'midget^’ types) 
do not use r-f or ‘^pre-selector” circuits in their short wave bands, 
the selectivity on these bands is not adequate to prevent image- 
frequency response if the image-frequency signal is fairly strong. 
In such cases, the receiver will respond to a number of these test 
oscillator “harmonic” frequencies at points above the funda- 
mental frequency to which the oscillator dial has been set. These 
harmonic frequencies will be received at receiver dial settings 
corresponding to “even” multiples of the test oscillator funda- 
mental frequency. There is, of course, no particular harm in a 
test oscillator signal level which produces audible harmonics, ex- 
cept the possibility of setting the receiver dial in error to the 
frequency of a harmonic instead of to the fundamental frequency 
at which the test oscillator dial has been set. Of course the 
image-frequency responses are usually much less audible than 
the true frequency responses, but they should be avoided. 

Reducing the test oscillator output control to a satisfactory 
minimum will result in a signal level sufficiently low to prevent 
receiver response to a great number of the test oscillator har- 
monics and the true signal will be received at the correct point 
on the receiver dial. If the test oscillator level cannot be brought 
down low enough, it may be necessary to disconnect the test os- 
cillator from the receiver entirely and place it at a distance in 
order to get a sufficiently low input to the receiver. From the 
foregoing comments, it can be seen that attention must be given 
to using the lowest possible (minimum) test oscillator signal at 
which alignment of the receiver can be started. Also, if the align- 
ment work has progressed with an improvement in receiver re- 
sponse, the signal should again be retarded to a lower value 
before proceeding with the alignment in order to secure greater 
receiver sensitivity. 

28-14. Checking the Image Response of the Receiver. — 
After lining up the r-f, oscillator and first detector circuits of 
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a particular band of an all-wave receiver, it is desirable to 
check the image response of the receiver on that particular 
band. The procedure for doing this will be described for a 
single band; it may be repeated for any other desired band. 

Suppose the circuits have been lined-up at 15,000 kc. The 
test oscillator is set to this frequency and its output control is 
then set so that the output indicator used on the receiver in- 
dicates as near ^^maximum" as possible. This reading should be 
taken. The frequency of the test oscillator is then increased by 
a value numerically equal to twice the i-f of the receiver; and 
the reading of the output meter is noted again. If the test 
oscillator output signal has the same strength for the two settings, 
and if the output meter is calibrated in volts, the ratio of* the 
two readings is the '‘image ratio” of the receiver. 

For example, if the reading of the output meter is 10 volts 
for the 15,000 kc setting and is 0.25 volt for the second setting 
of the test oscillator (15,900 kc for a receiver having an i-f of 
450 kc) , the '‘image ratio” is 10/ .25 or 40. An image-frequency 
interfering signal will then be received with an intensity of 1/40 
that of the desired signal (if they both have equal strength to 
start with) . 

The test must be made in a different manner [see (d) in the 
instructions for lining up Band “B” in Art. 28-12] if the test 
oscillator is such that its output varies with the frequency it is 
adjusted to produce. In this case, tune both the receiver and the 
test oscillator to a line-up point, say 15,000 kc. Leave the test 
oscillator alone and tune the receiver to 14,100 kc (15,000 minus 
2 X 450) and read the output meter. The ratio of the first to 
the second reading is the image ratio of the receiver at that point. 
Note that with the receiver tuned to 14,100 kc the oscillator in 
the set is working at 14,550 kc (assuming a 450 kc i-f) ; the 
test oscillator frequency is then 450 kc higher than that of the 
receiver oscillator and 900 kc higher than the frequency to which 
the receiver is tuned, which is the requirement for the reception 
of an image signal. It is wise to check the image response on all 
but the standard band. A poor (low) image ratio is a good in- 
dication that the tuned circuits are not lined up properly^ and 
they should be rechecked. 
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If the test oscillator output must be increased to obtain a 
reading on the meter, then the range of the output meter must 
be lowered or else the test oscillator must have its attenuator 
calibrated in volts. For the general run of service work, though, 
an actual figure representing the image ratio is not required as 
long as it is certain that the image interference is negligible. 

28-15. How to Determine the Frequency to which the I-F 
Amplifier is ‘‘Actually’’ Tuned. — An excellent test that may be 
made to determine the actual frequency at which the i-f trans- 
formers are lined-up in any receiver brought in for test or repair 
involves the reception of the image frequency. Tune the re- 
ceiver to some convenient point near the low-frequency end of a 
short-wave band and tune the test oscillator to resonance with 
it. Note the test oscillator frequency setting. Now increase the 
frequency of the test oscillator slowly (with its intensity control 
full on) until the signal is heard again. Note its frequency 
setting again. This is the image-frequency signal. Continue to 
turn the test oscillator slowly and note whether or not the read- 
ing of the output meter connected to the receiver decreases and 
continues to decrease. If it does, then the i-f to which the i-f 
amplifier of the receiver happens to be actually tuned (not the 
value stated by the manufacturer) is the difference between the 
frequencies corresponding to the two oscillator settings that gave 
the audible signals, divided by 2. Thus, if the initial reading of 
the test oscillator at which the signal is heard is 15,000 kc and 
it is next heard at 15,930 kc, the i-f of the receiver is 
15,930 - 15,000 ^ 930 ^ 


If it is possible to obtain more than one image point, the 
others will be very close to the first. This may be due to mis- 
alignment of the i-f transformers, that is, one may be peaked at 
465 kc, the second at 470 kc and the third at, perhaps, 460 kc. 
It is clear that a different image frequency will be obtained for 
each i-f peak frequency. 

Then, too, if the i-f transformers have a flat-top response 
curve, as in high-fidelity receivers, the test oscillator may be. 
rotated over twice the frequency width of the i-f transformers 
at the image point without any change in output. Thus, suppose 
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the response of the i-f transformers is flat from 450 to 465 kc and 
that the signal circuits are tuned to 15,000 kc. The image signal 
will begin to be heard at 15,900 kc and will remain until 15,930* 
kc. The width of the image band is then 30 kc, twice the width 
of the i-f transformers. If this small difference can be read on 
the test oscillator dial, the width of the response of the i-f trans- 
formers can be measured conveniently. 

28-16. The Signal Circuits. — ^The signal circuits of the 
typical all-wave receiver are conventional in every respect, with 
the exception that distinct tuning circuits are employed for each 
band. Each coil in the band has its own trimmer condenser 
which is adjusted for that band alone. The connections of the 
tuning coils for a particular band are no different than ordinarily 
used. 

28-17. Coil- Switching Systems Used. — ^Means must be 
provided for the selection of any of the bands used in the re- 
ceiver. Band selection may be accomplished by changing the 
coils themselves, in which case the system is referred to as a 
plug-in coil arrangement, or a switch may be provided to auto- 
matically cut in and out a desired group of coils. These comprise- 
the timing coils in the r-f , oscillator and first detector circuits of 
the receiver. The former arrangement is used to some extent in 
specialized receivers intended for use by amateurs, while the 
latter is employed almost exclusively in receivers intended for 
general short-wave reception in the home. Since the plug-in 
coil arrangement is not used in all-wave receivers for the home, 
we will confine our attention solely to the switching systems which 
are employed. (For a detailed description of plug-in coil systems, 
the reader is referred to the Radio Physics Course by Ghirardi,*" 
and the Short Wave Handbook by Denton.*) 

To understand the common switching systems used, it must 
be remembered that the same tuning condenser must be used on 
all bands, and that the shift toward the high signal frequencies 
is therefore obtainable by lowering the coil inductance. For a* 
given timing inductance, the frequency ratio covered between 
the ‘‘maximum'^ and ^'minimum'’ positions of the tuning con- 

*Notb: Published by the Radio & Technical Publishing- Co.,, 
45 Astor Place., New York, N. Y. 
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denser is equal to the square root of the ratio of the maximum 
and minimum capacities of the entire tuned circuit. Thus, a 
certain tuning condenser may have a minimum capacity of 11 
mmfd., and the total stray and distributed capacities of the cir- 
cuit may be about 20 mmfd. The total minimum capacity is 
then 31 mmfd. The maximum capacity of the condenser may be 
450 mmfd., and when this is added to the 20-mmfd. stray and 
distributed capacities, the total maximum capacity in the cir- 
cuit is then 470 mmfd. The capacity ratio is then 470/31, or 




Fig. 28-4. — Three methods for reducing the tuning inductance 
for changing wave bands in the signal circuits of all-wave receivers. 
(A) and (B) are most suitable for *^extended-band'' receivers. 

about 15 to 1. The frequency ratio is the square root of 15, or 
only about 3.9 to 1. With these tuning circuit constants, the 
minimum frequency of each band is then multiplied by about 
3.9 to obtain the maodmum frequency in that hand. 

There are several ways by which the inductance of a circuit 
may be lowered. All of them have been employed in all-wave 
receivers. A single coil may be tapped; two or more coils may 
be connected in parallel (coupled or imcoupled) ; or a separate 
and distinct coil may be used in each circuit for each band. 
Figure 28-4 shows the switching arrangement used in each case. 

The system at (A) utilizes a single coil tapped as shown, 
for each tuning circuit. The switch shorts out part of the tuning 
coil for each higher frequency band so that only the small section 
is used for the highest- frequency band. Thus, coil section Lt is 
for the highest frequency band, Lj Z/* is for the next band, 
-j- -f- Ls are for the next band, and the entire coil is for 

the lowest^frequency band. 
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In the arrangement shown here, the switch S short-circuits 
the preceding (unused) portions of the coil in addition to select- 
ing the desired coil tap. This is to prevent '^dead^^ spots due to 
the absorption effects caused by the unused portion of the coil, 
the natural period of which (if the tuning condenser were dis- 
connected from it entirely) would fall in the next higher fre- 
quency band. In some receivers, the portion of the oscillator 
coil which is unused when the switch is in the ''highest-frequency'^ 
position is not shorted, because of the possible difficulty in mak- 
ing the tube oscillate. Since separate padding condensers are 
used for each band this can be compensated for by the padding 
condenser used for this band. Also, in some cases the switch 
arm is in the “grid^’ end instead of in the “ground^’ end of the 
coil circuit, but the principle remains the same. 

Good contact is essential in this mode of switching, because 
if an appreciable resistance should develop between the switch 
arm and a contact, the unused portion of the coil will not be 
well short-circuited, and absorption, with consequent drop in 
signal strength, will take place. Also, this resistance will be 
directly in series with the tuned circuit, resulting in reduction of 
the signal current at resonance, and broadness of tuning. Be 
certain that the contacts are clean and that the tension of the 
spring is sufficient to maintain good contact. In the average all- 
wave receiver which has been in use for sbme time, probably 
more noise is caused by dirty coil-switch contacts than by any 
other part. 

The system shown at (A) is in general use only in extended 
band receivers which have a limited short-wave tuning range 
(see Art. 28-2). Then, only one coil tap is used, though the 
principle which has just been described remains the same. 

In the arrangement shown at (B) of Fig. 28-4, small coils 
Lg, etc., are switched in parallel with the regular standard 
broadcast band coil by means of a ‘Tan” switch <8 (see Fig, 
28-7) which ^‘shorts'^ the upper coil terminals together. Induct- 
ances in parallel with each other (if they are not coupled to- 
gether magnetically) act to reduce the overall inductance, jwt 
as resistors in parallel act to reduce the overall resistance (the 
same formula may be used to calculate the net inductance in 
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the circuit). In the diagram, the coils are shown permanently 
connected to ground with the switch in the grid side. In some 
receivers this is reversed, the switch being put in the ground 
side instead. 

This arrangement is a simple one to use, since it is only 
necessary to connect simple, small coils of about 25 turns 
wound on a % or 1-inch forms, in parallel with each of the sig- 
nal circuit secondaries, a somewhat smaller coil of about 20 
turns in shunt with the oscillator secondary, and a switch. The 
primary is usually coupled to the large secondary coil {L^) . This 
coupling will be sufficient for the short-wave band since this large 
secondary is still part of the grid coil when the short-wave bands 
are used. In some receivers, the shunting coils are wound at one 
end of the same form on which the standard broadcast band coil 
is wound. In this case, the inductance of the small coil is ad- 
justed to take care of the mutual inductance between it and the 
regular standard broadcast band secondary. Incidentally, the 
first arrangement [ (J.) of Fig- 28-4] may be employed very 
conveniently by radio service men for extending the high-fre- 
quency tuning range of existing standard broadcast band re- 
ceivers to incorporate “police^’ band reception. 

As in the case of arrangement (A), the parallel-coil arrange- 
ment of (jB) is used extensively only on extended-band receivers 
(those which have a limited short-wave tuning range), since the 
necessity for the use of a number of coils when several short- 
wave bands are to be provided, makes the use of the separate- 
coil system of (C) instead more desirable. 

The coil-switching arrangement shown at (C) of Fig. 28-4 
is the one most commonly used in present day all-wave receivers. 
Here, entirely separate coils (each one of the proper inductance 
for the frequency of the band over which it is to be used) are 
switched into the circuit by switch S. One coil is used for each 
tuned circuit for each band. It is common to provide each sec- 
ondary coil with its own primary winding, the separate primaries 
also being switched in and out with their respective secondaries 
by means of a multiple tap switch “ganged” with the grid circuit 
switch. A typical circuit arrangement of this kind between the 
r-f tube and the combination first detector and oscillator tube is 
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shown in Fig. 28~5 (for a 3-band receiver). The broadcast band 
coil is A, the first short-wave coil is B and the highest frequency 
coil is C. Rotary switch Sx selects the primary windings of the 
coils. Switch S 3 selects the corresponding secondary windings 
simultaneously . 

In addition to selecting the proper coil system for the band 
desired, another switch is provided for short-circuiting the 
preceding lower frequency secondary coil. This is to prevent 



Fig. 28-5. — One signal-circuit stage of a modern all- wave receiver 
showing the tuning coil switching system in which separate primary 
and secondary coils are used for each wave-band. They are selected 
simultaneously by the switches shown. Switch Sg short-circuits the 
preceding lower-frequency secondary coil to prevent absorption and 
^Mead-spots”. All of the switches are ganged together. 

''dead’^ spots (spots where the receiver is weak or totally in- 
operative) due to absorption effects caused by the resonating of 
the unused coils, the natural period of which, with the tuning con- 
denser disconnected, falls in the next higher frequency band. For 
instance, when the switches are set on contacts B for band J5, 
the main tuning condenser C is connected across the secondary, 
winding of coil B and tunes it. Meanwhile, the arm of switch 
Ss in touching its contact B short-circuits the secondary of the 
^^next lower frequency^' coil A in order to prevent absorption by 
it. The secondary of the ^^next higher frequency’^ coil C is left 
open for this position of the switches. 

The use of separate coils for each band in each variably- 
tuned circuit is, without doubt, the most suitable arrangement 
(although it is the most costly), and will be found in most re- 
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•ceivers which provide complete all-wave tuning coverage. The 
arrangement of a bank of tuning coils of this kind in a 3-band 
receiver is illustrated in Fig. 28-8. Each coil may be removed, 
tested, repaired if necessary and replaced without altering any 
of the circuits of the other coils — an advantage in service work. 
All of the colls usually have individual shields, S, as shown here. 

The respective oscillator coil-switching arrangements for the 
three signal-circuit coil-switching schemes of Fig. 28-4 are 
shown in Fig. 28-6. The tapped coil arrangement is shown at 
(A) . Each tap has its own series padding condenser Ci (see 
also Fig. 28-3) which is switched into the circuit automatically. 



OF OSCILLATOR TUBE 
CC*) 

Fig. 28-6. — Three coil-switching arrangements for reducing the 
tank inductance when changing wave bands in the oscillator circuit. 
(A) and (R) are suitable for “extended-band” receivers, (<7) is 
-commonly used in all-wave receivers. These oscillator coil-switching 
-arrangements correspond respectively with the three signal circuit 
coil-switching arrangements shown in Fig, 28-4. 

Shunt padding condensers may or may not be used. In gen- 
*eral, a single plate coil is employed with this system; this is 
•coupled magnetically to the grid end of the tuned grid coils when 
the switch is connected as shown. This arrangement is not uni- 
versal, however, so variations from it will be encoimtered. 

It will be noticed that the unused portion of the coil is not 
•short-circuited in this case. It is not shorted for the simple reason 
that, if it were, the appreciable mass of copper comprising the 
shorted unused portion of the coil would absorb considerable 
•energy from the coil section in use, thus robbing the oscillator 
of this energy. This might stop the oscillator from functioning 
at all frequencies whose harmonics would be resonant with the 
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shorted unused portion of the coil — making the receiver inopera- 
tive at these points. By not shorting the unused portion, this is 
avoided, since its resonant frequency is shifted so as to be be- 


Pig. 28-7. — A typical “fan” type 
switch which may be used for '*par- 
alleling'^ coils (as shown at (B) of 
Pigs. 28-4 and 28-6) in extended 
band receivers. 


yond the range of the low order harmonics (these are the only 
ones of any appreciable strength). No difficulty is then ex- 
perienced in making the oscillator function over the entire fre- 


TO COILS 




Cowrtesy Stromberg Oa/rlaon Tel. Miff. Co. 

Fig. 28 - 8 . — An under-chassis view of a modern all- wave receiver 
showing the arrangement of the many tuning coils (9 in all) . The 
coil shield assembly, S, has been removed to reveal the coil assembly. 
The coils, ((7), friction dial disc (JD) and spindle (PV) which drives it 
may be seen. 

quency range demanded by the receiver. However, in view of 
the fact that this arrangement is not used for any but extended- 
band sets, no difficulty is usually experienced in maintaining 
oscillator stability because but twq coil sections are used. 
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The oscillator coil switching system shown at {B) of Fig. 
28-6 corresponds to the signal circuit coil switching system at 
{B) of Fig. 28-4. The single plate coil Z/p couples to the largest 
(standard broadcast band) inductance I/^, and series padding is 
accomplished with the condensers C i. As mentioned, the switch 
parallels one or more coils for short-wave reception. Note that 
a four-contact fan switch is shown. The actual switch may not 
be of the fan type, but the electrical connections are such that 



Fig. 28-9. — Under-chassis view of another modern all-wave re- 
ceiver showing the 3-section wave-band changing switch. Each sec- 
tion. of the switch is in the particular shield compartment occupied 
by the coils it switches. The full-vision tuning dial and pointer are 
also visible. 


it acts as a fan switch. A common arrangement is the use of a 
single arm with a semi-circular ring at the tip which slides over 
the contacts, as shown in Fig. 28-7. A spring arrangement us- 
ually Supplies pressure to the contact points. 

Separate individual plate coils are used in the arrangement 
at ((7). The coils should be shielded from one another and a 
short-circuiting switch provided to prevent absorption. The sys- 
tem is electrically simple, and little additional comment is neces- 
sary. 

The illustration of Fig. 28-8 shows the coil arrangement and 
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coil shielding precautions employed in a modern 3-band all -wave 
receiver. The complete shield can assembly, which fits over the 
coils, so that each coil is shielded from the next one by a double 
thickness of shielding metal, may be seen at the lower right of 
the illustration. Note particularly that each individual shield 
can is appreciably larger than the coil it shields so that an ap- 
preciable ^^clearance^^ space exists between the coil winding and 
the shield. This greatly reduces the losses due to shielding. In 
spite of these elaborate shielding measures, switches are also used 
to short-circuit th.e unused coils in order to prevent the absorption 
effects already explained. 

The illustration of Fig. 28-9 shows the under-side of another 
modern all-wave receiver and the arrangement of the 3-gang 
coil selector (wave-changing) switch operated by the knob at 
the center. Each section of the switch is placed in the particu- 
lar shielded compartment occupied by the coils it switches, so 
that short coil-to-switch leads and low stray capacity will result. 

28-18. Switches Used in All-Wave Receivers. — The coil- 
selector switches employed in extended-band and in all-wave 
receivers are usually one of three types: compounded snap 
switches, gangs containing arms and taps, and rotary snap 
switches. The most popular one is the rotary gang or ^'deck” 
switch containing one or more wafers of insulating material on 
which the contact points are mounted. A contact arm sweeps over 
these contact points to establish individual connections. The 
switch may have more than one arm which will contact several 
points in one position and, perhaps, none at all in another. These 
switches are sometimes very complicated in appearance, and 
their mode of operation is not at all obvious unless careful in- 
spection is made. It is best, therefore, to trace out the circuit 
with a continuity meter whenever in doubt as to operation of 
the switch. 

The requirements for a good wave-band switch are, extreme- 
ly low non-’Variahle contact resistance, very low capacity be- 
tween contacts, and negligible insulation losses. The first re- 
quirement is met by employing for the contact points, a metal 
which has low surface-to-surface contact resistance. Silver meets 
this requirement, and it is used extensively in these switches. A 
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typical switch in which silver contacts are employed has an 
average contact resistance of about 0.0022 ohm and a maximum 
of 0.0026 ohm. Low capacity is obtained by keeping the dis- 
tance between adjacent contacts as large as possible; one switch 
in use has a capacity of only 0.04 mmfd. between contacts. It 
must be remembered that the total capacity introduced by the 
switch — ^the capacity between adjacent wires and ground — ^is 
greater than this value. High insulation resistance, of course, is 
obtained by employing high-grade insulating material; in a 
typical switch, the insulation resistance between contacts is in the 
neighborhood of 1.2 X 10® ohms (1,200,000,000 ohms). 

Good contact between the switch arm and the contact points 
is extremely important in wave-band switches. A high-resistance 
switch contact will increase the resistance of the tuned circuits 
considerably. This may cause broad tuning, image interference, 
and low signal strength. Furthermore, noise will be heard as the 
switch is thrown from one band position to another. • 

Noisy contacts are generally due to the fact that the owner 
of the receiver seldom listens-in on the short waves. The sur- 
faces of the contacts then become oxidized, and, when the user 
decides to give the short-waves ‘‘a. try’^, he finds the set much 
noisier and weaker than expected. The contacts may be cleaned 
easily with an ordinary pencil eraser that is not gritty enough 
to scratch the contact surfaces. 

The wiring to the switch should be rigid and exactly the 
same as it was when the receiver came from the factory. The 
replacement of a coil or a small condenser may necessitate re- 
wiring a small section of the circuit. If this section connects to 
the switch, the placement of the individual wires must be exactly 
as they were originally. Any switch introduces a certain amount 
of capacity between the arm and wires, wires and ground, be- 
tween wires going to the same section of the switch, etc. The 
value of this capacity is known by the designer who takes it 
into consideration when calculating the ranges and line-up points 
of the set. Any radical changes in the wiring, especially in the 
oscillator circuit, may increase or decrease the capacity existing 
between circuits and cause dead spots. 

28-19. The Tuning Coil Shields. — ^Exact placement of the 
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tuning coil shields is very important. The presence of a shield 
red/uces the inductance of a coil and increases its distributed 
capacity at the same time. If these two effects were equal, the 
coil would act somewhat as if the shield were removed. But 
they seldom neutralize one another fully, with the result that 
coil shields must be properly centered if the receiver is to be 
aligned exactly over the entire band. A misplaced coil shield 
may be compensated for at any one point by adjustment of the 
trimmer and padding condensers. At most other points the align- 
ment will be off considerably. 

Grounding of the shields has more significance as the fre- 
quency increases. An imperfect grounding contact between the 
coil shield and chassis will change the apparent coil inductance 
and make proper alignment impossible . 

A misaligned or poorly grounded coil shield may increase or 
decrease the natural frequency of a coil. This may cause ex- 
cessive absorption and ^^dead^' spots at some much-used portion 
of the dial, especially in receivers which do not short-circuit the 
unused coils. 

28-20. Dead Spots in the Tuning. — One of the most fre- 
quent causes of trouble in some extended-band and all -wave re- 
ceivers is dead spots — spots on the tuning dial at which the re- 
ceiver does not function. Dead spots may be caused by failure 
of the oscillator to function at certain frequencies or by absorp- 
tion of energy from the signal circuit by adjacent coils, Lack 
of sensitivity, provided everything else is correct, is usually due 
to misalignment of the oscillator and signal circuits. 

Failure of the oscillator may be caused by dirty or imperfect 
switch contacts. If the contacts are merely dirty, they can be 
cleaned easily; but if the switch loses its spring tension, repair 
may be difficult. It is unfortunate that many of the earlier 
extended-band and all-wave receivers were not equipped with 
good switches. Frequent adjustment of the spring tension and 
periodic cleaning of the contacts must be made in these sets if 
reception is to remain normal. If a switch is replaced for some 
reason, the service man should attempt to replace it with one 
of the wiping contact type — b contact that wipes over the sur- 
face it touches, thus cleaning it whaneyer the arm is rotated. 
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Although it is assumed that the receiver leaves the factory 
free from dead spots, there are certain extended-band and all- 
wave receivers which have dead spots that are inherent in the 
design of the set, and the service man can do nothing about it 
unless he wishes to undertake to practically redesign the re- 
ceiver. It will be found that these dead-spots exist in the earlier 
models, and not in those of recent design. In many cases, the 
manufacturer will suggest the recommended changes to make in 
the receiver. 

28-21. Number of Tuning Bands. — ^The standard broad- 
cast band range of an all- wave receiver has a tuning range cover- 
ing from 540 to 1,600 kc. This means a frequency ratio of 
1,600/540, or about 8 to 1, Apparently, if the same tuning con- 
densers are used for all the bands, the same frequency ratio is 
obtained on all bands. On this basis, the next higher-frequency 
band will cover the range from 1,600 to 4,800 ke (1,600 X 3 
equals 4,800) . The third band will have the range from 4,800 to 
14,400 kc (4,800 X 3 equals 14,400). The fourth band will us- 
ually tune to about 23,500 kc. Of course, these rough calculations 
do not take into consideration the necessary overlap, between 
bands ; when they are taken into account, the spectrum is divided 
nicely into four parts: one for broadcast reception and three for 
short-wave reception. 

Consider the 4,800 to 14,400 kc band! The range of fre- 
quencies covered in it is considerably greater than in the stan- 
dard band — rabout 9 times as great, since the standard band tunes 
from 540 to 1,600 kc (a range of only 1,060 kc) and the foregoing 
short-wave band covers a range of 14,400 — 4,800, or about 
9,600 kc. 

It is clear that the frequency band which will be covered by 
a single sweep of the tuning condenser depends upon the coil in- 
ductance, the ratio of the maximum and minimum tuning con- 
denser capacity, and the value of the stray and distributed 
capacities. In general, the frequency ratio is about 3 to 1 with 
suflBcient overlap between bands so that the timing range is con- 
tinuous. This means that certain stations may be received 
on the high end of one band and also on the low end of the 
next one. It is best to use that band in which the station is 



1016 


MODERN RADIO SERVICING 


CH. XXVIII 


received with the minimum value of tuning capacity. 

One sweep of the tuning condenser covers the broadcast band 
from 540 to about 1,600 kc. At least three additional bands are 
required to cover the remaining frequencies without crowding 
the tuning too much. Some receivers cover the short-wave 
range with but two bands, but short-wave tuning is extremely 
critical in these sets. The service man should instruct the set 
owner regarding the sharpness of tuning and the proper manner 
of tuning slowly and carefully — especially on the short-wave 
bands. 

Many receivers intended for amateur use employ tuning con- 
densers having a maximum capacity of 140 mmfd. so that four 
bands are required to cover the short-wave spectrum and two 
additional bands are needed for the standard band. In a sim- 
ilar manner, there are receivers having tuning condensers with a 
maximum capacity of 100 mmfd. Pive short-wave and three 
standard bands are required for all- wave reception with these 
condensers. 

Many receivers are manufactured for export purposes and 
are used for the reception of the '^ultra-long wave'^ broadcast 
stations employed in Europe. This long-wave band covers the 
range from about 140 to 410 kc, and it may be built into a re- 
ceiver purchased in this country. Of course, the range of such 
a set is wider than the more usual receiver, but the reception of 
long-wave European stations in this coimtry is extremely diffi- 
cult, and service men should caution the users of such sets 
against the possibility of receiving such stations. For this reason, 
it is the policy of many manufacturers of export receivers to 
leave out the coils for the ' ‘export band’^ when the receiver is 
to be sold and used in the United States. 

28-22. All-Wave Receiver Dials. — ^The dials used in all- 
wave receivers are somewhat complicated, and should not be 
tampered with unless it is absolutely necessary. The tuning is 
so sharp on the short-wave ranges of the average all-wave re- 
ceiver that dials having a high drive-ratio are used very exten- 
sively. Some dials are equipped with double ratios; the smaller 
one enables the scale to be spanned rapidly, and the larger one 
permits fine adjustments. In one commercial receiver the large 
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ratio is approximately 60 to 1. The tuning dial drive of the all- 
wave receiver illustrated in Eig. 28-8 is clearly visible. Notice 
that it depends upon a friction drive between the small grooved 
spindle W on the dial knob shaft and the large disc Z> which is 
fastened to the dial pointer and tuning condenser shaft. Since the 
drive spindle is much smaller in diameter than is the disc, a large 
drive ratio is obtained for close tuning. This is an important 
advantage! 

The speed-reduction mechanism is not the only complicated 
part of the dial. In some receivers, as the wave bands are 
changed, the part of the scale exposed to view is also chafed by 
some means. The proper section of the dial may be exposed in 
either of several ways : by keeping the dial-light fixed 'and raising 
or lowering the scale by the wave-band switch; by keeping the 
dial fixed and varying the height of the dial light assembly, or 
by turning on different dial lights placed at various positions be- 
hind the dial scale. There is no standardized method of accom- 
plishing these changes. 

Noise generated while the tuning dial is rotated may often 
be traced to friction between fibre and metal gears or between 
friction wheels and discs which are not properly greased or 
which do not track smoothly. A good lubricant may be made 
by mixing powdered graphite with white vaseline. Be certain 
that the action of the dial mechanism is understood perfectly 
before any attempt is made to take it apart for repair, as some 
of these dials are rather intricate in construction and are difficult 
to reassemble. 

28-33. Noise in Short-Wave Receivers. — The first effect 
often noticed when an all- wave receiver is set to receive one of 
the short-wave bands is that excessive noise is present — ^noise 
that would be considered intolerable on the Standard Broadcast 
Band. Noise and interference caused by electrical storms and 
atmospheric conditions are usually less noticeable on short waves 
than on the standard broadcast band. On the other hand, man- 
made ^‘static ^^ — ^noise caused by household electrical appliances, 
automobile ignition systems, power lines, and telephone circuits 
— is more noticeable on the short wave bands. However, man- 
made interference can usually be greatly reduced by the use of 
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a good noise-reducing antenna system and suitable electrical 
filters (see Chapter XXX). 

Of course, noise can also be caused by components in the re- 
ceiver itself. Aside from noise resulting from loose connections 
in the wiring, leaky condensers and the like, there are two other 
causes of internal receiver noise: ^'shot effect^' and ^'thermal 
agitation/^ Shot effect noise is cause by the fact that the 
stream of electrons in a vacuum tube is not an infinitely 
fine fluid, but consists of discrete particles — electrons. Thus, 
the average plate current has certain irregularities in it, and these 
irregufarities constitute the noise current. This noise current 
flows through the plate load and develops a noise voltage across 
the load. ’^?)ince the noise current is really a series of impulses, 
it has no definite frequency, and the voltage developed, there- 
fore, depends, among other things, upon the width of the band 
to which the plate load can respond. 

Thermal agitation noise is that caused by the random motion of 
electrons in a wire or circuit. Its value depends upon the temper- 
ature of the wire or circuit, the resistance of the wire or circuit (the 
resistance of the plate load in our case) , and the band width to which 
the wire or circuit responds. The noise voltage increases with an 
increase in any of these factors. 

Now, for distant short-wave station reception the noise is more 
apparent because the signal strengths are small ; the noise voltage 
is therefore comparable to the signal. This often leads owners of 
all-wave receivers to call in the service man since they imagine 
that the excessive noise is caused by some trouble in the receivers. 
Attempts to increase the sensitivity of the r-f or i-f amplifier re- 
sult in increased noise and signal, but the ratio remains about the 
same. When the signal input is large, the noise is masked; 
and if a linear second detector is used, the noise will not be am- 
plified above a certain level when a strong station is tuned in. 

It must be remembered at this point that the, actual noise level 
is not important; the important thing is the level of the noise with 
respect to the signal to be heard. For this reason, the terms signaU 
to-noise or noise-tosignal ratios are used. For best results, the 
former should be as high as possible; stated in another way, the 
latter should be as small as possible. 

Receivers using avc seem less noisy in some cases, especially 
when the signal strength is high. The reason is that a strong 
desirable signal reduces the sensitivity of the receiver through 
the avc system and so reduces this noise ^ , Mo^ever^ on 
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signals — signals that are below the threshold of the avc — ^the 
noise is just as loud as if the avc system were not used. 

28“24. Antenna Requirements. — ^The antenna requirements 
for short-wave reception are simple. The aerial must be fairly 
short and as high as possible; it must also be directed properly 
(depending upon its type) toward the countries whose short- 
wave programs it is most desired to receive. The all-wave an- 
tenna must be such that the all-wave receiver it is used with 
will be sensitive not only on the standard broadcast range, but 
on all the short-wave ranges as well. This is the ideal condition 
to be sought for. Three types of receiving aerials are ia^ general 
use at present: the inverted-L, the T type, and the doublet. These 
are all described in detail in Chapter XXX. 

If the directional effects of an inverted-E aerial are to be utilized 
to bring distant station signals in with somewhat increased intensity, 
it should be erected so that it is directed toward, and the lead-in taken 
from, the end nearest that pointing to the country from which good 
reception is desired. In other words, if best reception is desired from 
the northeast, the aerial should be erected so it points in a north-east 
and south-west direction. The lead-in should be taken from the 
north-east end. 

The T aerial receives best from a direction at right angles to its 
length, as shown in Fig. 30-56. Thus, for a given direction in which the 
aerial must point, the lead-in may be taken from either the center or 
one end, as demanded by receiving conditions. Other popular types of 
antenna systems axe described at length in Chapter XXX. 

For best results at a given frequency, the length of the aerial can 
be calculated to deliver the highest voltage at the desired frequency. 
For details on this point, the reader is referred to Chapter XXX 

Noise-reducing antenna systems have been designed and are used 
to a great extent with all-wave receivers. These systems make use of 
twisted or transposed lead-in wires that cancel, (in the primary of 
the receiver antenna coil or in the primary of a special transformer 
provided with the system), any noise voltages induced in them. The 
horizontal part of the system should be as high and as free from 
noise as possible in order for the system to be as effective as possible. 
Further details on noise-reducing antenna systems will be given in 
Chapter XXX. 

A good antenna system is most essential if reliable distant 
reception is to be expected. Place the aerial as high above the 
groimd or grounded objects as possible. If a flat-top antenna 
system is used, the flat top (aerial) portion should be from 50 to 
75 feet in length. (Copper wire No. 14 gauge or heavier should 
be used) . It is well to use 2 or 3 insulators in series at each end 
of the aerial instead of the single insulator commonly used at 
each end. The lead-in wire should be properly soldered to the 
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antenna. Keep the lead-in wire as far from sources of man-made 
static as possible, so that a minimum of interference will be 
picked up. Some chief offenders of this nature are trolley wires, 
electric oil burner installations, automobiles in motion, flashing 
signs, neon signs, motors and power lines. Methods of minim- 
izing interference from these will be considered in Chapter XXX. 

REVIEW QUESTIONS 

1. Define the following*: standard-band receiver; extended-band 
receiver; all-wave receiver. 

2. Whtit are the i-f’s commonly used in all-wave receivers? 

3. What are the advantages of a high intermediate frequency in 
all- wave receivers? 

4. A certain receiver has an intermediate-frequency of 456 kc and 
is tuned to a 12,000-kc signal. What is the image frequency of 
this signal? 

6. Upon testing for image response in an all-wave receiver, it is 
found that the output remains substantially constant only while 
the test oscillator dial setting is changed from 12,910 to 12,930 
kc. What is the width of the peak of the i-f transformers. 

6. Assuming that the receiver is properly designed and adjusted, 
what is the main i-f used in the receiver of Question 6? 

7. Draw a diagram of a commonly used mixer stage using elec- 
tron-coupling and a separate oscillator tube. 

8. What is the most common type of oscillator circuit now used 
in all-wave receivers? What are its advantages? 

9. What operating symptom would result in an all-wave receiver 
if: (a) the oscillator failed to function at all; (6) the oscillator 
failed to function only on some bands? 

10. How would you determine quickly whether the oscillator was 
functioning over the entire range of the receiver? 

11. If the foregoing test indicated that the oscillator was not func- 
tioning properly, what steps would you take to locate the cause 
of the trouble? 

12. Why are “shaped” oscillator tuning condenser plates not em- 
ployed in all- wave receivers? 

13. Which circuit is padded in an all-wave receiver, the signal or 
oscillator circuit? 

14. What determines the number of different padding circuits that 
an all-wave receiver contains? 

15. Explain- the essential difference in the amount of work involved 
in the complete alignment of a standard broadcast band receiver 
and that necessary when completely aligning a 3 or 4-band 
all-wave receiver having a similar number of stages. 

16. Why is it advisable to use a low output test oscillator signal level 
when aligning all-wave receivers? Explain! 

Explain how you would check the image response of an all-wave 
receiver on a certain, short-wave band after that band has been 
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lined up at 4,800 kc. The i-f of the receiver is 460 kc- You 
are not certain whether the signal output intensity of the test os- 
cillator you must use varies as its frequency is changed, or not. 

18. Explain how you could quickly determine the exact frequency 
(or band of frequencies) to which the i-f amplifier of a receiver 
under observation is ^'actually” tuned. 

19. How would you calculate, roughly, the frequency ratio of the 
following circuit: Minimum capacity of tuning condenser, 12 
mmf.; stray capacity of circuit, 14 mmf. ; tube capacity, 3 mmf.; 
distributed capacity of coil, 3 mmf.; maximum capacity of tun- 
ing condenser, 366 mmf. 

20. Assuming the lowest frequency of the standard band of an all- 
wave receiver is to be 540 kc, how many bands would be re- 
quired if the tuning condenser and circuit of Question 19 are to 
be used? Do not consider overlap between bands. 

21. Describe the three common arrangements which are employed 
in all-wave receivers for reducing the inductance in the tuning 
circuits in order to receive the high-frequency hand signals. 

22. Draw simple sketches, showing each of the arrangements you 
described for Question 21 (three in all) . Show all the necessary 
switches, taps, etc., if a total of 3 bands are to be covered by 
the receiver. 

23. Explain what effect poor switch contacts will have on the oper- 
ation of the all-wave receiver, for each of the coil-switching 

arrangements of Question 22. In which two arrangements would 
a break in the continuity of the coil winding used for one band 
affect the operation on another band? 

24. What steps are usually taken in the signal circuits of all-wave 

receivers to prevent ‘'absorption^’ by “adjacent-band” coils? 

25. What is the effect of such absorption occurring in the signal 

circuits? 

26. What is the effect of such absorption occurring in the oscillator 
circuit? 

27. What is the objection to shorting unused coils in the oscillator 
tuning circuit? 

28. What would you suspect as the cause of the trouble and how 
would you proceed to check your suspicions and correct the 
trouble if ^ you find that a 3-band all-wave receiver operates 
satisfactorily only on the standard broadcast band? The set 
analyzer shows that its i-f amplifier, second detector and a-f 
amplifier are operating satisfactorily. Explain! 

29. What simple test could you apply to determine quickly if the 
oscillator is operating satisfactorily over the bands on which no 
reception is obtained in the receiver of Question 28? 

30. What general types of switches are used in the tuning coil cir- 
cuits of all-wave receivers? What are the characteristics of a 
good short-wave switch. 

31. Why is it extremely important not to alter the exact positions 
of the wires connecting to the coils and wave-band switches 
when making repairs on all-wave receivers? What may happen 
if some of these wires are shifted? Explain! 

32. What is meant by the term “dead spots”? How may dead spots 
in the tuning be eliminated in all-wave receivers ? 
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INSTALLING AND SERVICING MARINE-RADIO 
RECEIVERS 

29-1. Introduction. — ^Now that highly efficient and satis- 
factory auto-radio receivers have been developed and are in pop- 
ular use, it is natural that owners of marine craft should seek 
the same radio news and entertainment aboard their boats while 
travelling. The installation of radio receivers in many types of 
boats is governed by somewhat the same conditions which con- 
trol auto-radio installations. It was pointed out in Chapter 
XXVII that the main requirements that had to be met in the 
design of auto-radio receivers were those of small size, mechan- 
ical rigidity, electrical stability, sensitivity, resistance to atmos- 
pheric conditions, low noisie and ease of control. The installation 
of radio receivers in marine craft of small size presents almost 
identical problems, in addition to those of deterioration because 
of exposure to salt air, and the need for low battery-power drain. 
The power available aboard small craft is almost a direct func- 
tion of their size, so that the t3rpe of receiver and power supply 
arrangement employed depends to some extent upon this factor. 
The height and length of the aerial which may be used is also 
determined directly by the size of the craft. 

29-2. Classification of Marine Craft.- — ^To discuss the im- 
portant problems of marine-radio installation intelligently and 
directly, it is necessary to divide boats into six different classes 
and discuss each class separately. They are: 

Class 1. All small row-boats, canoes and outboard motor 
boats 

2. Inboard nmabouts and speiedsters 
. , 1022' ■■ 
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3. Motor cruisers 

4. Auxiliaries 

5. Straight sailing craft 

6. Yachts 

These general classes may also be subdivided into groups ac- 
cording to design — as, open or cabin type, etc. However, it will 
be found that the available power supply determines the type of 
marine-radio installation that must be employed to a greater 
extent than does the construction, so the classification as listed 
here will sufi&ce. In discussing these craft, it is feasible to start 
with Class 6 (which presents the simplest installation) and work 
to the smaller size boat, in which the most difficulties are en- 
countered. 

29-3. Radio Installation on Class 6 Craft. — ^Boats of the 
Class 6 type, or large cruisers of more than about 50 feet in 
length, are usually equipped with lighting units operated separ- 
ately from the main engines. On such boats, therefore, it is 
possible to use power without the necessity of turning over the 
main engines. This lighting power in some installations is sup- 
plied by special gasoline-electric .imits, which may be either one of 
two types: one generating 110 volts d-c, the other generating 
110 volts a-c. 

Instead of having a gasoline engine driving a generator which 
supplies its power directly to the circuit, some craft are equipped 
with banks of storage batteries which are charged by a generator 
driven by the main engines when the boat is in motion, and which 
deliver their stored energy to the lighting circuit when the main 
engines are not operating. Others employ an auxiliary gener- 
ator and battery system, but the generator here is driven by a sep- 
arate gasoline engine. In either case, the batteries deliver 110 
volts d-c. Many large cruisers are equipped with a simple 
switching arrangement which permits the lighting power to be 
derived from either the batteries when the engines are not run- 
ning or from a generator coupled to the main engines when they 
are running. In any event, on craft of this class, the power 
available in addition to its many other duties, is more than ade- 
quate for the operation of a radio receiver. 

Obviously, in such craft, any type of home receiver may be 
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used provided it can operate from the 110-volts a-c or d-c power 
supply available. The popular universal type midget re- 
ceiver is ideal for this purpose. If a d-c system is employed, 
it may be necessary to shunt an 8-mfd. filter condenser directly 
across the line at the radio receiver to help smooth out the cur- 
rent, since the d-c lighting circuits of marine craft are very 
* ‘ripply” and often noisy. This is especially necessary if cheap 
midget receivers whose filter circuits have been “skimped” in 
design are employed. If noise is encountered, a good line filter 
properly connected will usually clear it up (see Chapter XXX). 
It may also be necessary to install suppressor resistors in the 
ignition system if a gasoline engine is employed for the lighting 
system. 

The receiver should be fastened down securely, whether it 
is of the midget type or a large console model, so that when the 
craft pitches or rolls, it will remain in place. This is very im- 
portant. There is usually enough space available in the cabins 
or in the lounge to enable the receiver installation to be made 
without cramping. In fact, such installations are comparable 
to those usually made in homes. However, if more than one re- 
ceiver is to be installed, the service man should consult with the 
chief engineer, as he can be of valuable aid in advising of any 
possible limitations which may exist regarding the amount of 
excess power that can safely be drawn from the batteries ox 
generator, etc. 

Separate power lines should be run from the source of power 
to the outlet. If more than one receiver is to be installed, a main 
power line should be run to the deck on which the receivers are 
to be installed, and branch lines run from a fused outlet box at 
the end of the main line to the individual receivers. Do not 
fail to fuse the circuits adequately, as fire is much more dangerous 
aboard ship than it is on land. 

Many installations have one or more portable receivers, 
electrically operated, which plug into outlets installed on open 
decks. Only marine type outlets should be used here. They 
may be obtained from any marine hardware dealer. These are 
large, brass-housed cases with the plugs inside. A cap screws 
to the top of the ease and protects the plugs from possible short- 
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circuit due to entry of water in rainy weather. Heavy rubber- 
covered wire must be used throughout, as the ordinary, thin 
rubber insulation commonly used on ordinary wire will deter- 
iorate in a short time on board ship, and result in repeated 
short-circuits every few weeks. 

Yachts or large cruisers usually have two masts between 
which it is convenient to string the aerial. The usual marine 
aerial on large craft consists of two, three or four wires sus-, 
pended by spreaders and strung between the masts. A single- 
wire aerial however, will serve the purpose in most cases. The 
usual rules for good antenna installation are especially important 
here: insulation must be good, the lightning arrester must func- 
tion, and the ground must connect to a good ground. 

There are several locations on board a large cruiser where 
good groimds may be obtained. The keel is usually of metal, 
and a connection can be made to it. In many cases, a main 
ground connection is made during the construction of the craft. 
This is accessible by the service man while the craft is afloat. 
If such a ground is not available, a sheet of copper may be 
attached to one side of the hull below the water line, and a 
ground lead brought from it. Do not depend upon some nearby 
ground connection for the lightning arrester; make a direct con- 
nection to the lowest possible ground terminal in the boat. 

29-^4. Radio Installation, on Class 5 Craft. — Straight sail- 
ing craft in this class are usually equipped with 110-volt or 
3^2- volt lighting systems. Those with power systems of the form- 
er voltage may have the same type of radio installation as de- 
scribed for the Class 6 craft, and the same precautions apply also. 
However, there are few receivers designed for operation from 
32-volt lines; it is often necessary, therefore, to use a 32-volt d-c 
to 110- volt a-c converter or motor-generator set to deliver suflS.- 
cient voltage for the ordinary receiver. 

If the 32 volts is obtained from a bank of storage batteries, 
then the receiver may be of the automobile type connected so 
that it operates from one of the six- volt batteries in the storage 
battery bank. A simple switching arrangement may be pro- 
vided to shift the receiver connections from one battery to an- 
other to prevent uneven drain on the complete bank of batteries. 
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Under some conditions, it may be possible to set aside one par- 
ticular battery for the exclusive use of the radio set, and it may 
be charged by the same gasoline engine which charges the main 
bank. It may be necessary to install the usual suppressor re- 
sistors, etc., on the gasoline engine to suppress interference from 
it. 

Battery receivers are also to be recommended for this type 
of craft. Such receivers usually utilize the 2-volt series of tubes 
and may be operated either from No. 6 dry cells or from one of 
the many ‘^built-up special A batteries designed for such re- 
ceivers. B potential, of course, must be obtained from JB-bat- 
teries. It should be noted that B batteries deteriorate rapidly 
when exposed to moisture, so that they should be housed in a 
rust-proof metal box with a tight fitting cover and leads should 
be brought out through tight-fitting bushings. The B batteries 
should be of the heavy-duty type, as one set of these will usually 
last throughout the entire yachting season. The batteries should 
be tested frequently under normal load, and when the potential 
of a 45-volt unit under that load drops below about 36 volts, it 
should be replaced. Obviously, the A battery should also be 
tested periodically to insure rated voltage at the filament term- 
inals. These batteries must be fastened securely to prevent 
shifting due to the motion of the ship. 

When these types of craft are too small to allow the use of 
a second mast, the aerial wire may consist of a copper strip, 
running up the side of the mast and insulated from it, as shown 
in Fig. 29-1. On some types of straight sailing craft, the aerial 
wire must be run flush with the mast, and not separated from it. 
The exact type of installation may be ascertained easily after 
an inspection of the craft has been made and the proposed 
location of the receiver has been decided upon. 

29-5. Radio Installation on Class 4 Craft. — ^An ‘^auxiliary” 
is a type of sailing craft equipped with an engine which may be 
Used instead of the sail when there is no wind or when the wind 
is adverse. The general rules for antenna installation here are 
the same as for the straight sailing craft. The auto-radio receiver 
is well suited for this type of craft, as it usually is equipped with 
a 6-yolt lighting system. However, if the storage battery which 
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operates the lighting system has no facilities for being charged 
by the engine, the auto-radio receiver should not be used, as the 
drain on the battery is apt to be excessive. If such is the case, 
the receiver should be of the battery-operated type, as discussed 
for the Class 5 craft. The same precautions regarding battery 
care and protection should also be adhered to here. 

The ground connec- 
tion on this type of craft 
may consist of a copper 
plate attached to the 
outer side of the hull 
and connected to the 
radio receiver by a cop- 
per strip. This type of 
ground has been used for 
many years and has been 
found to render excel- 
lent service. A further 
advantage is that the 
potential of the radio 
receiver chassis will not 
be different from that of 
the engine, so that igni- 
tion interference will not 
be so severe. Suppres- 
sors may have to be in- 
stalled in the ignition 
system of the engine 
(see Chapter XXVII). 



Courtesy XokKo 


Fig. 29-1. — A simple but effective an- 
tenna system for small sail boats. The 
aerial is of the vertical type run up the 
side of the mast so that it does not inter- 
fere with the manipulation of the sails. 

29-6. Radio Installation in Class 3 Craft. — This type of 
craft is often supplied with a 32-volt lighting system, the details 
of which have been covered in Art. 29-4. However, there may 
be available a 6- volt battery which can be charged by a gener- 
ator driven by the engine, or there may be two sets of 6- volt 
batteries that are charged alternately. 

Obviously, the auto-radio receiver is of special value in these 
cases. As discussed in detail in Chapter XXVII, the modem 
auto-radio receiver is well shielded and designed to withstand 
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the mechanical vibration and adverse vreather conditions en- 
countered in all parts of the country. These design features 
make it valuable in small cruisers because of the close proximity 
of the radio receiver and engine in these compact boats. 

Figure 29-2 shows an illustration of a typical cruiser with a 
single jury mast and a closed cabin. This type of construction 
lends itself to easy antenna installation. Either a roof wire- 
mesh aerial may be installed (see Art. 27-15 and Fig. 27-16), 
as shown in Fig. 29-4, or a single- or two-wire antenna may be 



Courtesy Radio Novfa 

Fig. 29-2. — A tyipical cabin-type cruiser ideally adapted for easy 
radio aerial installation. Two simple types of aerials which may be 
installed in craft of this type are illustrated on the next page. 

run from the mast to the far end of the cabin roof, as shown 
in Fig. 29-3. The construction of such aerials is perfectly stan- 
dard and straightforward, and no additional data are required. 
Good insulators should be employed throughout. 

29-7. Radio Installation in Class 2 Craft. — ^Inboard run- 
abouts and speedsters are practically similar in construction (as 
far as controls, engine and other facilities are concerned) to the 
automobile, so that the auto-radio receiver is well suited for this 
t37pe of boat. The receiver itself may be installed on the dash- 
board with the control unit on the steering-wheel shaft, exactly 
as in the case of automobile installations (see Figs. 27-8 and 
27-9) - Standard ignition interference suppression must be em- 
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ployed on the engine (see Arts. 27-40 and Arts. 27-43 to 27-47) 
— including a generator by-pass condenser. 

The mesh-type roof antenna may be used if there is a roof; 
or, if not, it may be installed under the front cowl (if the engine 
is in the rear), or stretched on both sides of the bow, on the 
ribs, exactly as shown in Fig. 29-5, for an outboard boat. It 



Fig. 29-3. — Method 
of mstalling a single- 
or two-wire antenna 
supported by the mast 
on a small cabin crui- 
ser. 

( Courtesy Radio News) 


should be remembered that the ignition system of the engine is 
not enclosed by a metal bulkhead, metal hood, etc., in this type 
of craft as it is in an automobile. Therefore, more intense direct 
radiation of interference from the ignition system to the aerial 
and lead-in wires will occur, so it is particularly important to 
locate the aerial as far from the engine as possible. Consider- 


Fig. 29-4. — Method 
of installing a simple 
wire-mesh aerial in 
the cabin roof of a 
small cruiser. 

(Courtesy Radio News) 


COPPER WIRE MESH ANTENNA 



able shielding of wires is necessary in some boats, especially in 
short ones. In some cases, the entire engine compartment must 
be completely shielded internally with grounded sheet copper or 
brass in order to reduce the interference to a permissible level. 
All connections should be well soldered, and all wires should 
be fastened securely, for considerable vibration and “weaving'^ 
exists in these craft. 

29-8. Radio Installation in Class 1 Craft. — This class of 
craft is well represented by row-boats or canoes powered by out- 
board motors, and other similar types of craft. Although they 
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are simple in construction, the radio installation difficulties are 
often numerous. First of all, the direct noise from the exhaust 
is great, although it has been reduced to some extent by the 
development of underwater exhaust systems. Second, space 
is usually at a premium, and it may be difficult to properly locate 
a receiver. A suppressor resistor must be placed in each spark- 
plug lead to reduce interference. 

A suggested arrangement for a canoe is shown in Fig. 29-6. 
It will be seen that the aerial system consists of an insulated 



Fig. 29-6. — How a 
copper mesh (or sheet 
copper) type aerial 
may be installed in 
the bow of a boat. 
This may be employed 
in row-boats, o n t- 
board motor boats, 
and speedsters. 

iOo-urtety Radio Now$) 


wire tacked along the gunwales; and the ground is nothing more 
than a connection to one of the brass '^bang-plate^' strips which 
are already on the canoe. It acts, in reality, as a counterpoise. 

Battery receivers of the compact, portable type are recom- 
mended for this type of craft. These receivers have the advan- 
tage that they may be removed easily or shifted from place to 
place, as the number of passengers vary. All batteries should 
be thoroughly enclosed in metal boxes to prevent short-circuits 
when they become wet because of spray, etc. — especially if the 
boat is to be used in salt water. , 

29-9. Selecting the Receiver. — ^As mentioned in the prev- 
ious sections, the type of receiver to be employed depends, prim- 
arily, upon the type of craft; it also depends upon whether 
the craft is to be operated in salt or fresh water. Salt water 
will cause rapid deterioration of the insulation of the wire, es- 
pecially on the coils, which shortens the efficient lifes of the re- 
ceiver. Corrosion of metal contacts — especially where dissimilar 
metals join^is also a very troublesome fadtor. In fact, because 
of these troubles many makes and models of receivers which give 
perfect satisfaction in home or automobile installations are ah- 
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solutely worthless for marine use* All coils in the receiver should 
be thoroughly impregnated against moisture. In this connec- 
tion, it may be worth while to investigate, before installing a 
number of receivers of a certain design, to find a suitable line 
of receivers which are made by a manufacturer who has had 
considerable experience in manufacturing receivers for use in trop- 
ical regions, and whose sets have established a reputation for 
standing up well under the extreme heat and moisture conditions 
which exist there. Because of their special construction features, 
such receivers generally have a better chance for successful 
marine radio service than others do. It is wise to use, when- 
ever possible, a receiver that is completely enclosed by a metal 
case and is as airtight as possible if it is to be used in salt- 
water locations. 

The third factor governing the selection of the receiver is the 
available power supply. As we have already seen, this may 
be 110-volt a-c or d-c, 32-volt d-c, 6-volt d-c, or nothing at all I 
Naturally, the type of receiver to be used in any case, depends 
upon the operating current supply available. 

Space is another factor which is often very important. 
Crafts, even up to yacht size, are designed for conservation of 
space, and in some cases the amount of space available is more 
limited than in an automobile. It is wise, therefore, to decide 

Fig. 29-6. — Sug- 
g-ested radio installa- 
tion for a canoe. The 
aerial and ground 
leads are tacked un- 
der the gunwales. 

(^Ocurteay RadAa Ifewa) 

definitely upon the location of the receiver before selecting one. 

Chapter XXVII gave specific details regarding the construc- 
tion and method of installing auto-radio receivers. The same 
rules apply to the installations in marine craft which employ 
internal combustion gasoline engines for motive or lighting 
power. Of course, exceptions will be found, but the general 
rules must be adhered to at all times, especially those with re- 
gard to the drain on the batteries, and the necessity for keeping 
all battery terminals thoroughly clean. The chief engineer of 
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the craft should be advised of the power consumption of the 
receiver, so that he can make periodic checks on the condition 
of the power supply. Remember, a service man cannot be 
called in when the boat is miles out at sea! 

29-10. Ig^nition Interference. — Obviously, marine radio re- 
ceivers are not immune from interference generated by the igni- 
tion system of the engines if they are of the internal-combustion 
type. Suppressors and shielding must be resorted to in almost 
all cases, exactly as in an auto-radio installation. One addi- 
tional good rule to remember is that both the receiver and the 
aerial should be located as far from the engine room or com- 
partment as possible, to minimize interference. Shielded lead-ins 
and good grounds which are always an advantage in eliminating 
inductive interference, are especially important in boat installa- 
tions, where the receiver must be located close to the engine. 

Medium and large sized cruisers are designed so that people 
may live in them for days or weeks. This means that many 
household appliances will be found on board that are not used 
in automobiles. The service man must determine the number 
and types of equipment that can cause interference, and provide 
for proper filtering (see Chapter XXX) and perhaps shielding 
of these units in his estimate to the customer, for this will have 
to be done before noise-free radio reception is made possible. 

29-11. Servicing Marine-Radio Installations. — The servic- 
ing of ordinary marine-radio installations does not present any 
special problems which are not common in the servicing of home 
and auto-radio receivers, and which have not already been 
covered in this book. The same methods of testing and an- 
alyzing the receiver circuits, etc., are employed, and, of course, 
the same repair methods are used. Perhaps the one special case 
of trouble which is intimately associated with marine-radio is that 
of corrosion. Unprotected dissimilar metals in contact with each 
other are especially subjected to this bugaboo, since any collection 
of moisture on their surfaces immediately sets up tiny electro- 
lytic cells, and local electric currents are generated. These eat 
away the metal at the point of contact. This trouble is especially 
prevalent in salt water locations. Unprotected copper and iron 
combinations are especially bad in this respect. For this reason, 
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open-circuits and short-circuits in the wiring and receiver com- 
ponents (especially those which employ very thin copper wire) 
are very common. All wiping contacts such as those at the tube 
prongs, at volume controls, etc., must be kept clean and free 
from corrosion. Loud speaker voice coils should not be allowed 
to scrape against the pole pieces, for if this happens, the bared 
copper wire of the coil will soon corrode and stick fast to the 
iron pole piece. The iron armatures and pole pieces of balanced- 
armature type speakers are also apt to corrode together. 

All connections to batteries must be cleaned and coated with 
white vaseline periodically to prevent trouble at this source. 
The water in the batteries must be kept up to proper level — 
and never yield to the temptation to fill them with the salt water 
(or even lake water) which you will find everywhere around you! 

29-12. General Notes. — It is important that all electric 
wiring on board ship be installed in an approved manner by a 
competent licensed electrician. Insurance rates are high on 
gasoline-powered craft, and insurance companies will not toler- 
ate the haphazard, sloppy wiring that may be found in some 
home or auto-radio installations. It is essential that the service 
man provide himself with the rules and regulations governing 
marine installations, and have the electric wiring installed in the 
approved fashion. A certificate of approval should be obtained 
after the wiring is finished. 

When installing radio receivers in small boats, the radio ser- 
vice man should explain to the owner the necessity for removing 
the receiver when the boat is laid up for the winter months. If 
this is not done, the receiver will usually be found to be inoper- 
ative the following season because of a corroded voice coil and 
pole pieces in the dynamic speaker, ruined tuning coils and 
speaker field coil, open a-f transformer coils, corroded tuning 
condenser plates, corroded tube socket contacts, faulty by-pass 
and filter condensers, etc. If the receiver is removed from the 
stored craft this trouble will be avoided. 

It is difficult for one who has never done this type of work, 
to appreciate the problems that arise in connection with the in- 
stallation of radio receivers aboard small boats. But what most 
service men do not realize is that the majority of the problems 
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are almost identical with those of auto-radio installations, so that 
a service man who is experienced in auto-radio work is already 
well advanced toward mastering the technique of marine radio 
installation. 


REVIEW QUESTIONS 

1. What are the general power facilities usually available on Class 
1 craft? 

2. Repeat Question 1 for Class 2 craft. 

3. Repeat Question 1 for Class 3 craft. 

4. Repeat Question 1 for Class 4 craft. 

6. Repeat Question 1 for Class 6 craft. 

6. Repeat Question 1 for Class 6 craft. 

7. What precautions are necessary when installing outlets on 
open decks? 

8. What determines the maximum number of receivers that may 
be installed in a small cruiser? 

9. What are the general requirements regarding the selection of 
a radio receiver suitable for marine purposes? 

10. "What can you say regarding the receiver requirements with re- 
gards to the source of power supply from which the receiver is 
to operate? 

11. How would you obtain a good “ground" on a boat? 

12. What kind of an aerial would you install on a cruiser having 
a single mast? 

18. What kind of aerial would you install in a small inboard run- 
about? 

14. Why must ignition interference suppression be used on the type 
of craft specified in Question 13 ? 

15. What precautions should be observed with regard to the in- 
stallation of electric wiring carrying relatively high voltages? 

18. If the braided shielding used in a marine radio installation cor- 
rodes due to the action of the salt air and moisture, what effect 
will this have on its shielding properties? Explain! 



CHAPTER XXX 


REDUCING ELECTRICAL INTERFERENCE 
(Including Noise-Reducing Antenna Systems) 

30-1. The Interference Problem, Noisy Reception. — ^The 
problem of minimizing or entirely eliminating man-made elec- 
trical interference which appears as disturbing crackles, clicks, 
buzzes, crashes, etc., along with the programs heard from radio re- 
ceivers is one with which radio service men are now being faced 
squarely, and with greater frequency, than ever before. The term 
“interference” is commonly applied to include under one heading, 
all of the various classes of disturbing noises of this kind. Noisy 
reception occuring in radio receivers is one of the most serious 
and troublesome problems which the radio technician is called 
upon to solve. The problem of eliminating man-made interference 
to radio broadcast reception has become so serious, that several 
European coimtries have already taken definite steps to relieve 
the situation by law if possible. For instance, in France, under 
date of April 1, 1934, a ministerial decree (a law) which defines 
radio interference, lists all the common sources of interference 
and makes it obligatory for the ovmer of the interfering equip- 
ment to eliminate the interference (under penalty of the law) 
was put into effect. Should an interfering electrical device used 
in an apartment tend to create disturbances in radio receivers in 
the surrounding vicinity, for instance, the owners of the receivers 
in which the interference is being received have the right to com- 
plain to the Ministry of Posts, Telegraphs, and Telephones. The 
owner is notified fanmediately by the latter and given a period 
of one week in which to eliminate all electrical disturbances 
caused by his device — at his own expense. In fact, since 
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the early part of 1935, the installer of a new device, aa well as 
the manufacturer who provides it, is held responsible for the 
elimination of any interference which it creates. In Germany, 
England and Canada, official government recognition and assist- 
ance has also been given in this problem. In the United States, 
no such general laws exist (except in a few local communities, 
particularly in the middle west and on the Pacific coast) and the 
government has not interested itself in the problem. The RMA 
has formed a Committee on Interference which will work in co- 
operation with others interested in electrical and radio organ- 
izations to study and classify the various general sources of this 
interference, investigate the efficacy of the various methods of 
eliminating it and endeavor to enlist the help of all concerned 
in eliminating such sources of interference. Just how much suc- 
cess the last mentioned step will meet with in the absence of any 
compelling laws remains to be seen, for anyone who has had con- 
siderable experience in attempting to persuade owners of inter- 
fering devices to equip them with effective interference-sup- 
pression devices (which cost money) knows that a good majority 
of such attempts are met with the proverbial ^^cold shoulde^*^ 
People are not generally willing to comply with such requests 
when it is going to cost them money, in fact, it is often exceed- 
ingly difficult to convince them at all that some common electrical- 
appliances in their homes are causing interference in the radio 
sets of strangers living in the same apartment house — much less 
a few blocks away. 

30-2, Position of the Radio Service Man. — ^In the United 
States at least, when a dealer sells a radio set and installs it, it 
is up to him to provide noise-free reception. The customer us- 
ually expects it, and the sale of the receiver often depends on it. 
When a service man is called in on a complaint of noisy recep- 
tion due to interference, i^ is up *to him to hunt down the cause 
of the interference and apply the proper remedy to eliminate it. 
The remedy must be as effective and ipexpensive as possible, for 
his customer must pay the bill — even though an electrical de- 
vice belonging to a neighbor is causing the trouble. 

In order that service men may eliminate man-made interfer- 
ence as effectively, directly and inexpensively as possible, they 
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must be thoroughly acquainted with the various causes of inter- 
ference, the common devices which produce it, the various ways 
in which it may reach the receiver, the methods of testing to 
find out definitely how it is reaching the receiver and the most 

effective remedies to apply to minimize or eliminate it under 

any installation conditions which may be encountered. It must 
be realized at the start that interference elimination often is a 
very difficult task. It is a problem that cannot be solved by the 
wave of a magician^s wand, the rubbing of an Aladdin's lamp, 
or the indiscriminate purchase and installation of all sorts of 
'^gadgets" which are advertised as cure-alls for interference and 
which are applied to filter ^^this and that/' In other words, as 
is the ease with so many other problems in radio servicing, the 
service man must possess a thorough knowledge of the entire 

subject, use good sense in applying it, and be level headed 

throughout the job when tackling interference problems. 

The set analyzer is almost useless for this sort of work, ex- 
cepting in some cases where the interference is caused by one of 
the parts in the receiver itself, in which case, the set analyzer may 
help to locate the offending part. As a result of considerable 
experimental work on this problem, it is now possible to follow 
definite plans of attack in order to minimize interference, and in. 
most cases, to actually identify the type of device which is pro- 
ducing the interference simply by listening to the character of 
the interference noise as evidenced in the loud speaker of the 
radio receiver. The service man should be thoroughly acquainted 
with the various methods which have been developed to ac- 
complish this quickly and effectively. 

30-3. Increasing Interference Troubles a Result of Receiv- 
er Improvement. — One very interesting fact concerning the entire 
noise problem, though it may seem ambiguous at first thought, 
is that the increasing importance and seriousness of the noise 
problem is due fundamentally to the many improvements which 
have been made in receivers during the past few years. Even 
simple sets of today are many times more sensitive than the most 
pretentious ^^super-blooperdynes" of a few years ago. They are 
so sensitive, that thousands of them will be found installed with- 
out benefit of any honest-to-goodness aerial. The owners, us- 
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ually at the short-sighted advice of the dealers who sold them 
the sets and stressed the fact that they were so *^good'' and so 
sensitive that they would work ‘Without an aerial” (thus mak- 
ing the sales easier for themselves and eliminating the need for 
installing aerials free with the set installations) simply took the 
sets home and installed them by plugging into the power line and 
throwing a short piece of wire out of the window, placing it be- 
hind the picture moulding, under a rug, or in some other easily 
accessible location. Since such locations are low and usually 
within the strong field of man-made electrical interferences, 
these installations are often found to be extremely noisy. Also, 
since the signal pickup with such aerials is small, the receiver 
must be operated at almost full sensitivity most of the time, there- 
by greatly amplifying the interference impulses as well as the 
signal. 

The widespread popularization of short wave and all- wave 
receivers has also had its effect. Since short-wave programs 
usually originate at distant points and the short-wave signals 
reach the listener in greatly weakened condition, short-wave and 
all-wave receivers are built more sensitive than the standard 
broadcast band sets. The greater sensitivity at which they must 
be operated in order to pick up these weak signals is the main 
reason why more interference is experienced on the short wave 
bands than on the standard broadcast band. Also, the inter- 
ference created by most electrical appliances and automobile 
ignition systems is stronger in the short-wave region and there- 
fore is more troublesome in short-wave receivers. Since the sale 
of short-wave receivers is often impeded by noisy receiving con- 
ditions, the problem of interference elimination becomes a mat- 
ter of dollars and cents to both the radio set manufacturer and 
the dealer. 

Finally, the improvement in the high-frequency audio re- 
sponse of receivers has had its effect. It is generally well known 
that a great deal of the noise (both ‘"static” and man-made elec- 
trical interference) produces audio disturbances in the neigh- 
borhood of 4,000 cycles and higher in the loud speaker. Con- 
sequently, receivers with good high-ifrequency response reproduce 
these noises with greater intemsii^ thm do th^; — ng poorer 
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high-frequeney response. Of course, the usual ^'toue control*’ 
may be used to suppress the high-frequency response of the 
receiver and thus reduce the noise, but the quality of reproduc- 
tion also suffers if this is done. 

30-4. How “Interference” Radiations are Produced. — ^The 
fiindamental principles of radio transmission involve the setting 
up. of electric waves at the antenna of the broadcast station. 
These are radiated through space to the antenna of the receiving 
sets in which they induce modulated high-frequency currents 
which are amplified and rectified (detected) by the radio receiver 
so that a more or less faithful reproduction of the original voice- 
frequency sound waves are delivered from the loud speaker. Now 
any electrical circuit which involves a spark or arc also sets up 
radio-frequency waves or radiations which are propagated into 
space; in fact, this is the principle upon which the operation of 
the now outmoded spark transmitters operated. How far they 
travel, and how strong they are depends upon the energy in- 
volved in the sparking circuit and to a large extent, upon the 
circuit itself. Most of these distiurbances which cause noise in 
radio receivers are of relatively small power at their source, 
compared to the power radiated from a broadcast station. How- 
ever, since their sources are very much nearer to the receiver 
than the broadcast station is, they often reach the receiving 
equipment with an intensity comparable to that of the broadcast 
signals and cause annoying interference. The one main excep- 
tion to this lies in the case of disturbances due to lightning 
flashes. A single lightning flash puts out far more radiated power 
than all the broadcast stations in the world combined, so even 
though it takes place a great many miles away from the radio 
receiver, its disturbance may reach the receiver with sufficient in- 
tensity to cause interference — especially in sensitive receivers. 

Disturbing radiatio^, then, may be set up by practically any 
electrical circuit whM [involves a make and break of contact. 
Lightning discharge j aospheric discharges not quite of light- 

ning intensity, gllj 1|6S, thermostat controls, motor com- 
mutators, auto^ i oil burner ignition systems, X-ray, 

violet-ray and j p>paratus, and any other devices which 

involve the cig of an electric circuit (even if 
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the making and breaking is regular and continuous) are poten- 
tial sources of radio interference, 'provided the amplification of 
the radio receiver is sufficient to make these disturbances heard 
at an annoying noise level along 'with the desired program. 
Also, any disturbances may be carried along wires or other con- 
ductors and re-radiated by them for some distance. Finally, if 
the radiating circuit is untuned (as it usually is), the radiations 
will cover a wide frequency range as contrasted to a broadcasting 
station, which radiates its signal energy on practically a single 
frequency (or at least a very narrow band of frequencies). 

We will now study these various sources of interference sys- 
tematically and in detail so that we may be thoroughly ac- 
quainted with the exact types of interference they set up and how 
it is likely to be propagated to the radio receiving equipment. 
When this is known, the problem of eliminating their interfer- 
ence can be attacked more directly and intelligently. 

30-5. General Types of Interference. — Generally speak- 
ing, interference (so far as it relates to broadcast reception) in- 
cludes any sound emitted from the loud speaker, that does not 
originate at the transmitter but detracts from the full enjoy- 
ment of the broadcast program. Interference may be classified 
broadly into 4 types, according to the origin of the electrical 
disturbances which cause it. They are; 

(1) Interference caused by natural ^^static*' (atmospheric 
disturbances) . 

(2) Inter-station interference. 

(3) Interference caused by some part in the receiving equip- 
ment. 

(4) Interference caused by external electrical devices con- 
trolled by man (commonly termed man-made interfer- 
ence) . 

The nature of these types of interference will now be considered 
in the foregoing order. 

30-6. Natural Static. — Clouds become electrically charged 
by the friction set up between the droplets of their water vapor 
and the surrounding air. Considerable electric potentials may 
thus be built up. When the potential difference between two such 
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banks of charged clouds or between one cloud bank and the earth 
becomes sufficiently high, it breaks down the insulating qualities 
-of the intervening air and an electric discharge takes place in 
the form of the familiar zig-zag “lightning^’ flash or spark. This 
action is illustrated in Fig. 30-1. Since the two cloud banks, or 
the one cloud bank and the earth, really form two plates of a 
large condenser with the intervening air as the dielectric, the dis- 



Fig. 30-1. — ^How the electroma^etic fields produced by lightning 
discharges (or other atmospheric discharges) between charged clouds 
(and between charged clouds and the earth) are radiated out into 
space, where they may induce interference potentials in the antenna 
systems of radio receivers located even many miles away. If these 
radiations reach the antennas with sufficient strength, interference 
known as natural “static*^ results. 

charge is really that of a condenser and is of the usual oscillating 
form associated with discharges of this nature. Since these light- 
ning discharges really constitute the flow of powerful electric 
currents, they produce electromagnetic radiations, Ft and F*, 
which are exactly of the same nature as those of radio signals 
from broadcast stations and spread out in practically all direc- 
tions. It is not necessary that an actual lightning flash or dis- 
charge take place. Intermittent leakage currents which flow 
between charged clouds or between clouds and the earth also 
cause '^static*' disturbances. In general, lightning storms, “north- 
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em lights,” heat-lightning, dust storms, rain storms, etc., may be 
the cause of particularly annoying electrical interference, even 
at considerable distances. 

A receiving aerial located in the path of these radiations 
will have corresponding voltages induced in it, and the dis- 
charges will be heard as a series of crashes and individual im- 
pulses. The intensity of the disturbance which reaches the re- 
ceiving antennas on any particular locality depends on whether 
the nearest flash of lightning is taking place near the aerial, a 
few hundred miles away, or a few thousand miles away. It is 
reasonable to suppose that thunderstorms and atmospheric elec- 
trical discharges are occurring somewhere in the world at all 
times, and even though a single flash radiates far more power than 
all the broadcasting stations in the world combined, the extreme 
distance reduces their intensity so that they are not all disturbing 
in the average radio receiver. It is only when the disturbances 
are particularly severe, or within a reasonable distance from the 
receiving equipment, that they are annoying. 

The important point about natural static is, that since it is 
caused by disturbances which cover a broad frequency range and 
are of exactly the same nature as the broadcast radio signals, it 
cannot be tuned out or suppressed without reducing the strength 
of the desired signals also. Regardless of the fact that many 
so-called ‘'static eliminators” or “suppressors” are offered for sale 
for the elimination or reduction of atmospheric static, the truth 
is that all of them reduce the static effects simply by reducing 
the sensitivity of the receiver, so that both the desired signals and 
static are heard more weakly. Practically the same result could 
be obtained at no cost by simply turning down the volume con- 
trol of the receiver. It is the opinion of responsible investigators 
that natural atmospheric disturbances cannot be eliminated 
successfully, although under some circumstances they can be re- 
duced somewhat in intensity. A few static eliminators which 
do reduce the effect of atmospheric static have been designed, 
but these devices are so intricate, elaborate and costly as to 
prohibit their general use in home receivers. 

Although the intensity of static is much less on the shorter 
waves (higher frequencies) than it is on the longer waves, it is 
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often a source of very annoying noises on the standard broadcast 
bands. Since this class of interference may be said to be be- 
yond man's immediate control there is little that the radio ser- 
vice man can do about it. Fortunately it is not really trouble- 
some everywhere, or at all times. In locations where it is very 
strong, it is best to educate the owners of radio receivers to 
reduce the sensitivity of their receivers by operating them with 
the volume control down as much as is consistent with audible 
reception; to place the tone control in the ^^bass'^ position when 
static is severe, so as to reduce the high-note response of the 
receiver ; to have all interference other than natural static cleared 
up if possible, so that the total noise level will be reduced, and to 
maintain all antenna and receiver connections electrically and 
mechanically secure to prevent them from causing additional 
noises- 

30-7. Interstation Interference. — Interstation interference 
is usually evidenced by high-pitched “peanut-stand^' heterodyne 
whistles which may be either steady or slightly varying in pitch. 
It is caused by heterodyning of the carrier waves of stations oc- 
cupying adjacent frequency channels, and sometimes by the 
harmonics of stations which broadcast at fundamental carrier 
frequencies which are quite widely separated. In superhetero- 
dynes, “image interference" caused by the simultaneous recep- 
tion of two stations whose carrier frequencies differ by approx- 
imately twice the i-f of the receiver (see Arts. 23-13 to 23-16) 
may be heard if the pre-selector is not able to eliminate the im- 
age-frequency signal, and if the resultant beat note between the 
two signals falls within the range of the audio amplifying and 
reproducing equipment in the receiver. By suitable pre-selector 
design, this trouble has been largely eliminated in modern re- 
ceivers, though it is often encountered in many of the older sets. 
In such receivers, the service man can eliminate the whistle ef- 
fectively by following the image-interference elimination sug- 
gestions outlined in Art. 23-16, or by connecting to the receiver 
a suitable low-pass filter adjusted to have a cut-ofi point just 
below the heterodyne (whistle) frequency. An ordinary ^‘tone- 
control" arrangement connected in the audio amplifier and ad- 
justed to the proper point is satisfactory. This, of course im- 
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pairs the reproduction of all the frequencies above this cut-off 
point of the receiver, but, since half a loaf is better than none, 
the owner of the receiver will undoubtedly be satisfied to forego 
the pleasure of hearing a few high notes if the annoying hetero- 
dyne whistle can be eliminated simply and inexpensively. 

30-8. Interference Originating in the Receiver. — ^Inter- 
ference may be due to causes within the receiver itself. Loose 
connections, leaky condensers, noisy resistors, noisy a-f trans- 
former windings, high-voltage ^^sparkover’^ in condensers or trans- 
former windings, dirty or peeling tuning condenser plates, dirty 
or corroded gang tuning condenser rotor wiping contacts, scrap- 
ing speaker voice coil, broken speaker spider, loose cone apex, 
faulty or loose line fuses, a defective B battery, run-down bat- 
teries, etc., may produce scratches, rattles, buzzes, etc., in the 
receiver. Naturally, interference due to any of these causes 
can be eliminated by the service man — even though it is often a 
very tedious job to track the trouble to its source. The methods 
of locating and repairing a large proportion of these faults have 
already been explained fully in Chapters XXIII, XXVI and 
other parts of this text. However, several additional common 
troubles which may cause objectionable noises will be discussed 
here. 

If the preliminary tests which will be outlined in Art. 30-14 
indicate definitely that the noise is originating in some part of 
the receiver itself, the following possibilities (as well as those 
mentioned in the previous paragraph) should be checked, and 
the proper steps taken to eliminate any of the troubles which 
may be found. Generally, tubes are.the most frequent offenders 1 
Each one should be tapped lightly on the top with the finger while 
the receiver is operating. If the tube contains loose elements, a 
loud noise will be heard in the loud speaker at once, and the 
tube should be replaced. A quick visual inspection and jarring 
the set may reveal a loose connection and will not be amiss. 
Should this procedure fail to disclose the cause, the following 
systematic mechanical tests should be made. 

The first r-f tube should be removed after the set has been 
placed in operating condition. Should the noise cease, then the 
trouble is caused by some defect in that stage and an inspection 
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of all parts, circuits, and connections of the first stage should be 
made immediately. If the noise is heard with the tube removed, 
the second r-f or the '^mixer^' tube should be withdrawn and the 
same tests carried out in that stage. In this way, employing the 
same procedure, the faulty stage may often be localized and the 
cause of the trouble ascertained and eliminated. 

The detector plate by-pass condenser is a frequent cause of 
noise. This may be checked easily by disconnecting the unit 



Pig. 3 0-1 a. — T esting an audio transformer primary for noise by 
substituting resistance plate coupling for its primary winding. 

from the circuit while the set is operating. Although these con- 
densers may check satisfactorily when a continuity or ohm- 
meter test is applied, they may break down and become leaky 
when the high voltage is applied to them in the circuit. In 
receivers employing power or grid-bias detection, the cathode 
by-pass condenser may often be found to be at fault. A leaky 
condition of this unit will produce a puzzling and annoying 
irregular frying or sizzling noise. In some of the older receivers, 
where glass tubular grid leaks are used in grid leak-condenser 
detection, this imit has been found to be a frequent source of 
noisy reception. 

The most common cause for noisy reception in an audio 
amplifier lies in the primary of one of the audio transformers. 
The best test for a noisy primary winding is that of substituting 
another transformer for the one in use, or to disconnect the 
^^plate" terminal of the primary of the suspected one from the 
circuit entirely and substitute a plate resistance, J2, and a block- 
ing condenser, (7, in its place, connected as showm in Fig. 30-1 A. 
This condition will sometimes evidence itself even when the de- 
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tector or first audio tube is removed frora its socket. Noisy 
plate circuit resistors (where resistance-capacity coupling is 
used) are also common, and may be found by the substitution 
test. 

In cases where the noisy condition continues after all tubes but 
the last audio have been withdrawn, it is probable that the power 
pack or the reproducer is at fault. In the power pack there are 
several units which may be responsible for noisy reception. Most 
common is a voltage- divider resistor which ‘‘sparks’^ across. 
These resistors are usually covered with an enamel coating to 
make them moisture proof. Imperfections in the enamel, or 
impurities of a metallic nature, will produce sparking at that 
point. This condition may be noted by a visual examination 
(preferably in a darkened room) , and the remedy is replace- 
ment. At times, a power transformer will be the source of inter- 
ference. Many good power transformers employ an electro- 
static shield between the primary and the secondary windings 
to prevent the transfer of any electrical disturbances that might 
be carried in by the line. It has been found that arcing takes 
place in some cases between the primary and the shield due to 
breakdown of the insulation. This will produce an annoying 
interference that is exceedingly difficult to trace. When this con- 
dition is found to exist, a new transformer must be installed. 

A number of dynamic speakers used on some of the older 
broadcast receivers employed copper tinsel cord to make con- 
nection to the voice coil. This wire or cord, similar to that on 
earphones and magnetic reproducers, has great flexibility, but 
after some time becomes worn and frayed, resulting in noise. 
The complaint of intermittent reception may often accompany 
noise of this nature. A repair may be effected easily only by 
replacing the tinsel cord. 

The ^^Off-On*' switch and fuse mounting block in radio re- 
ceivers are frequent offenders. Contacts become worn or cor- 
roded and will upon vibration set up a disturbing “crackle”. If 
the switch or fuse block is at fault, a flickering or lowering of 
the pilot lights will often be noticed. 

The presence of dust, peelings of the plating, burrs * or small 
foreign paitMes between hhe plites of the variable tuning con- 
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densers will also set up noise (especially when the station selector 
is rotated through its range), since they produce high-resistance 
intermittent contacts between the rotor and stator plates. An 
ordinary pipe cleaner may be used to advantage for removing 
the foreign matter in such cases, or it may be burned out by the 
arrangement illustrated in Fig. 26-7. The rotor contacts of the 
variable condensers also become corroded and cause a scraping 
sound in the reproducer as the receiver is tuned. Although this 
condition may be corrected by cleaning the rotor friction con- 
tacts, the best repair is effected by '^pigtailing’’ the condenser 
gang rotor shaft to the chassis of the receiver. 

Any corroded or poorly soldered joints will cause unnecessary 
and undesirable noise. One source of this trouble, usually over- 
looked by many service men, is in corroded or dirty tube socket 
contacts. When engaged in the task of locating noise origin- 
ating within the receiver itself, it is the best policy to clean all 
contacts thoroughly and to resolder every suspicious soldered 
connection to eliminate any possibility of ‘‘rosin joints^' or any 
other trouble on this score. Many receivers come out of the fac- 
tory with one or two j oints poorly soldered — or not even soldered 
at all! 

This type of noise is often due to poor set design or faulty 
components, but even the best receiver is apt to be noisy if it is 
sufB.ciently sensitive. Tube “hiss^' is often a limiting factor to 
the amount of receiver sensitivity which can be employed satis- 
factorily. Tube hiss in superheterodynes can be reduced consid- 
erably by the proper mixing or modulating of the oscillator volt- 
age with the signal voltage in the first detector stage. If the ratio 
between these two voltages is not correct, noise current will be 
generated in the mixing tube. This may be amplified to consider- 
able intensity after it has passed through the many i-f stages of 
the receiver. Tube noise can also be reduced further by careful 
consideration of the voltages and biases on the r-f and i-f ampli- 
fier stages so that the tubes will always be operating under the 
most favorable conditions. 

The method of testing a receiver installation to determine 
whether the interference is originating in the set itself or is com- 
ing from some external source will be discussed in Art. 30-14. 
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30-9. Man-Made Interference . — We now come to the in- 
terference which is set up by the many man-made electrical 
devices. Almost every piece of electrical machinery and every 
electrical device is a potential producer of electrical disturbances 
— especially if it is faulty or in need of attention. The majority 
include a high-frequency component which is often modulated 
by low-frequency disturbances falling within the audible range 
covered by the audio amplifier and loud speaker of the radio 
receiver. These electrical radiations may be picked up by some 
part of the antenna system, or conveyed directly to the set by 
the power supply line — most often by a combination of both. 

Man-made interference is especially common and serious 
in congested city districts where many electrical appliances and 
devices are operated from the same power supply lines as are 
the electric radio receivers, and often within comparatively short 
distances of both the receivers and the receiving antennas. Even 
in outlying rural communities, this sort of interference is not 
absent, for it is not only produced by any electric appliances 
employed in the immediate vicinity, but it may be brought in 
along the electric light and telephone lines which are usually 
strimg overhead on poles. It is not uncommon for both man- 
made and atmospheric disturbances to be conducted by such 
lines for many miles and then be either conducted directly into 
the power supply circuits of radio receivers fed from them, or 
re-radiated to their antenna systems. 

Although interference estimates depend entirely upon the local 
conditions which exist, i.e., whether it is a congested city, a rural 
town, a district subject to severe atmospheric disturbances, etc., 
it has been estimated that on the average about 15 per cent of 
all cases of interference can be traced to natural static and other 
untraceable sources, about 20 per cent to faults in the receiving 
installation, and the remaining 65 per cent to man-made inter- 
ference caused by household electrical appliances, industrial 
electrical apparatus, and generating, transmission and distri- 
bution equipment. This shows that man-made interference is 
the most common, and incidentally presents the most serious 
and largest problem of all, as its origin is often difficult to trace 
and, even after it is finally located it may not be possible or 
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desirable to eliminate it at the source. In such cases, attempts 
must be made to minimize it at the receiving equipment. It 
should be realized at the start that there are so many ramifica- 
tions to the problem of man-made interference suppression that 
no study of it, or actual attempts to minimize it, will make much 
progress imless it is systematic and proceeds with a clear under- 
standing of the nature and causes of the interference and the 
many ways in which it can be propagated. Erratic '^try-this^' 
and ^^try-that^' methods will only consume valuable time and 
often fail to cure the trouble at all. 

30-10. How Man-Made Interference is Generated and 
Transmitted. — ^Man-made interference is generated by the 
sudden interruptions or variations in the operating current of 
many electrical devices. These generate radio-frequency dis- 
turbances. Some devices produce (in the radio receiver) noise 
of a uniform character, such as humming, buzzing, whining, 
whirring, etc. Some produce impulse-type noises such as 
rattles, clicks, crashes, etc., (see Art. 30-16). In the former 
cases, the periodic changes of operating current have a fimda- 
mental frequency, usually well within the audio-frequency range. 
The high-frequency disturbances give rise, in general, to a com- 
plex variation of potential in the space surrotmding the devices, 
and may be either radiated or conducted to the radio receiving 
equipment. 

Investigation has shown that the disturbances which they set 
up in the receiving equipment may usually be regarded as con- 
sisting of an infinite series of component radio-frequency dis- 
turbing e.m.f.’s distributed over the whole range of radio fre- 
quencies. These components combine with the broadcast signal 
carrier ei^er in the antenna circuit of the radio receiver (if the 
disturbance is picked up by the antenna) or in the plate and 
screen circuits of the receiver tubes (if the interference is borne 
by the powerline) , and when passed through the detector give rise 
to an infinite series of beat notes. Of these beat notes, those which 
are audible and within the reproduction band of the audio ap- 
paratus in the receiver appear as noise in the loud speaker. When 
the broadcast carrier is modulated by a program, the modulations 
due to noise exercise an interfering effect upon the program. 



1050 


MODERN RADIO SERVICING 


CH.XXX 


Let us see what happens ia the case of a d-c motor. Con- 
sider a simple d-c motor connected to a d-o line as shown in Fig. 
30-2. The motor is equipped with a commutator and one pair 
of brushes, which are connected to the line. The shaft of the 
motor may drive any number of devices, but these have no rel- 
ation to our problem. Now it is clear that all the electrical 
power absorbed by the motor is used up in overcoming the var- 
ious losses in the motor and in the device that the motor turns 
over; and it is just as evident that all this electrical power must 



Fig. 30-2. — The magnetic field surrounding all of the wires com- 
prising the circuit to which a d-c (or a-c ‘‘universal”) type of motor 
is connected. Since the current flowing is not steady and smooth, 
these magnetic fields also vary from instant to instant. 

come from the line. The electrical power absorbed by the motor 
is to equal E "X, I, where E is the steady voltage of the line and I 
is the current. It is the current I which flows through the lower 
brush into one or two segments of the commutator of the arm- 
ature, then through the armature coils, and out of the#other end 
of the armature windings via the commutator segment and top 
brush. Since the armature is revolving, there are ripples in the 
wave form of this current, precisely as was shown in the upper 
part of Fig. 27-37 for a d-c generator. (A cathode-ray oscilloscope 
can be used to show this condition visually.) The rapid varia- 
tions in the current are caused by the action of the revolving 
Cbrnmutator segments making and breaking their conttact with 
the brushes. They act like a series of rapidly operating switches I 



CH. XXX EEDUCING ELECTRICAL INTERFERENCE 


1061 


If, for any reason at all, there should be sparking between 
the brushes and the commutator (every d-c motor has some 
sparking), the current 7, drawn by the motor, will vary even 
more rapidly and erratically from instant to instant, depending 
upon the number of segments, the number of brushes, the speed 
of the armature, the amount of sparking, the cleanliness of the 
commutator segments and the brushes, and the power consumed 
by the motor. It is important to visualize this state of affairs, 
for it is upon this foundation that the entire imderstanding of 
interference production by electrical devices rests. 

The current which flows through the power line to the motor 
(even if it is d-c) has variations in it. The nature of these varia- 
tions is not simple, by any means. The sparking at the brushes 


Fig. 30-4. — Equivalent circuit 
showing- the analogy of a sparking 
motor (or any other device) and 
its circuit to a "spark” type radio 
transmitter. 

gives rise to high-frequency variations of the line current. These 
are in the form of rapid impulses having no one particular fre- 
quency, The equivalent electrical circuit of the sparking d-c or 
^'universal” motor is shown in Fig. 30-3. Coil L represents the 
inductance of the armature and the field winding of the motor; 
C, the distributed capacity of the armature and field windings 
(which may be quite large) ; G, the spark gap represented by 
the sparking at the brushes; and R, the resistance of the gap. 

This circuit is an oscillatory circuit if the power line has low 
leakage (which is usually the case). Oscillations are set up in 
the line and in the inductance and capacity. These oscilla- 
tions are radiated into space by the coil if it is not thoroughly 
shielded by the frame of the motor, and by the line if it is not 
enclosed in a grounded conduit. If the shield and groxmding is 
good, then the noise is conducted directly along the power line 
and terminates at the various outlets connected to that same 
line. Any radio receiver, then, that is plugged into this same line 
will have this interference conducted into it — resulting in “noise*'. 

In many instances the line terminates at a junction box into 
which a number of other circuits also run. The close proximity 
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of these circuits to the line carrying the noise results in an induc- 
tive transfer of noise from the original to these other lines, so 
that these lines now convey the noise to various outlets. A radio 
receiver plugged into an outlet connected to any one of these 
lines will receive and amplify these interference impulses. 

An important consideration is the fact that the varying 
exciting current is an impulse; consequently, the noise current 
has no definite frequency. This means that the circuits con- 
nected to the original line and those coupled to the line are 
excited by impulses, and oscillations are built up, the frequency 
of these oscillations depending upon the natural frequency of 
the coupled lines or circuits. 

The sweeping conclusion, then, is that a sparking motor will 
cause the line to which it is connected, to become a source of in- 
terference. It may act as a direct conductor of interference to 
any radio receiver plugged into it (or any of its branches), or 
it may act as a radiating system radiating interference fields 
close to the ground where radio-frequency noise voltages that 
are noise-modulated abound. In this latter role, it becomes (with 
all its branches) a transmitting antenna network capable of 
radiating the interference impulses (sometimes at considerable 
distance from the original source of interference) either to other 
adjacent power circuits, or to antenna system of the receiver 
directly. The ^^adjacent^’ power circuits may in turn re-radiate 
the interference to the antenna systems of radio receivers. In 
the usual noisy condition, all three methods of interference trans- 
mission often occur. Noise voltages induced in neighboring lines 
cause noise currents to flow in them. These are conducted along 
the line to the various outlets. Noise will be heard in radio 
receivers connected to any of these outlets. These lines may in 
turn re-radiate noises of some definite frequency, (depending 
upon the natural frequency of the lines) to the nearby antenna 
system of a radio receiver. 

This means that some noises are ^'tunable” and some are 
not. Those that are tunable are generally the result of radia- 
tion; those that are not are the result of direct conduction. 
It can be seen, therefore, that the paths taken by the noise im- 
pulses are very complex, and it is possible for very annoying in- 
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terference to manifest itself at points far removed from the orig- 
inal source. . ■ on ± 

An attempt to show this condition has been made in Fig. aU- . 
The various branch circuits of the power line feeding the various 
lighting and other outlets in a building have been drawn heavy. 
An electric fan motor which is setting up interference, is being 
fed from this line at the upper left. A radio receiver is ^tailed 
in a room at the lower right, and is fed from the aerial on the 



Pig. 30-4.— How an electrical device located in Is'’ con- 

ine- can nroduce electrical interference part of which (ic) 

hL^^rthr^adi^recefver a^diltwbinr^^^ of a 
d^endSig upon the nature of the interfering device (s^ Art. 30-16) . 
roof The path by which the interference may be conduct^ 
to the radio receiver by the power line wiring is shotra by the 
dotted-line arrows labeled J„. The interference radiated fvom 
the incoming overhead line, and the various branch circuits to 
the aerial and lead-in wires, (and the line cord of the receiver) 
is represented by the solid-line arrows labeled I®. A skeleton 
view” of this kind makes one realize how very many cucuits, 
ordinarily hidden from view and therefore nnthought of, may 
participate in conducting, radiating and re-radiating interfer- 
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ence within a building, or even from one building to another. 

30-11. Interference from Devices Employing Vibrators. 
— Current interruptions caused by electrical devices which em- 
ploy vibrators or interrupters generate interference in a fashion 
similar to that already considered for sparking motors. The cir- 
cuit of a simple interrupter is shown in Fig. 30-5. It will be seen 
that the interrupter contacts interrupt the current from the line at 
a definite frequency depending upon the frequency of vibration 
of the interrupter. The interrupted current generates a varying 
magnetic field which can induce a voltage in any coupled circuit 
by simple electromagnetic induction, (transformer action) . 
Since sparking also occurs at the contacts, oscillatory currents 

will be generated if the resist- 
ance of the circuits is low 
enough, and interference im- 
pulses will be conducted and 
radiated as previously described. 

In general, it may be stated 
that any electrical device (such 
as a motor or a vibrator device) 
that draws a varying or inter- 
rupted current from a line, or 
supplies a rapidly changing cur- 
rent to a line (such as a genera- 
tor) , is a potential cause of inter- 
ference. Alternating-current mo- 
tors and generators usually do 
not have commutator segments, and for that reason do not radi- 
ate much noise. Some small a-c motors of the repulsion-starting — 
induction-running type (these are used a great deal on washing 
machines, electric refrigerators, etc.) have a commutator for 
starting purposes only, and they generate interference only until 
they build up to normal running speed (if they are operating 
properly and are not in need of repair). 

30-12. Power Dine Interference. — -A study of the table 
of possible sources of interference presented in Art. 30-16 will 
show that leaky power insulators, pole transformers, trolley 
switches, etc. cause interference. Noiy it is beyond the jurisdic- 



Eig. 30-5. — Schematic cir- 
cuit diagram of a simple vibra- 
tor. Condenser C is used to 
reduce sparking at the make- 
and-break contacts E. The 
magnetic field surrounding the 
wires is shown by the loops. 
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tion of aervice men to attempt to eliminate the noise from 
these sources. In fact, the service man is not allowed to apply 
noise-reduction devices to any interference-creating unit unless 
the consent of the owner of the device is obtained- In instances 
where noise is traced to equipment of public utility companies or 
to railroads, the service man should report his findings to the 
proper official of the company who may take the necessary steps 
to eliminate the trouble. He should not attempt to eliminate such 
cases of interference himself, for in doing so he may cause severe 
trouble on the power line and may also expose himself to dan- 
gerous voltages. No matter how expert a radio service man is in 
his own line, he should refrain from tampering with power lines. 

During the past few years public utility companies have 
spent considerable time and money in eliminating faulty equip- 
ment that cause interference in radio receivers in the vicinity. 
In many cases, these companies maintain a staff of engineers 
for the express purpose of tracking down noise and eliminating 
the cause. Leaky insulators and power transformers are costly 
to the company, and it is usually more than willing to cooperate 
with the community it serves by eliminating all such faulty units. 

30-13. The Signal-to-Noise Ratio. — ^It is important at this 
time to clearly bring out the significance of the term signal-to^ 
noise ratio. The absolute value of the noise voltage means very 
little unless the intensity of the signal heard through the noise is 
specified at the same time. The reason for this is that the limit 
of the gain which can actually be employed in a receiver under 
actual installation conditions, is a fimction of the permissible 
noise level. Stated in another manner, the weakest signal that 
can be fed into an amplifier and intelligibly reproduced depends 
upon the filxed noise level. The greater the noise, the greater 
must be the signal, and vice versa, for the same degree of in- 
telligibility. 

The ratio of the signal voltage to the noise voltage is a con- 
venient measure of the ^^cleamess of reception.^^ A high signal- 
to-noise ratio means that the signal voltage is much higher than 
the noise voltage; a low signal-to-noise ratio means that the 
signal is weak compared to the noise. Suppose, for example, 
that the signal-to-noise ratio is 10 and that the noise voltage 
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is 80 millivolts. The signal voltage is, then, 80 X 10, or 800 
millivolts. The object of most of the practical expedients used 
to minimize interference is to raise the signal-to-noise ratio by 
decreasing the noise voltage, although it is practical to increase 
the signal voltage in many cases by employing a longer aerial, 
or one located in a more favorable zone of greater signal strength. 
This will be discussed in greater detail in Art. 30-38. 

30-14. Determining the Path by which Interference is 
Reaching the Receiver. — ^Now that we have some idea of what 
causes interference and how it may reach the receiving equip- 
ment, we are prepared to proceed to study the methods to fol- 
low in locating and suppressing or eliminating interference in 
actual practice. When the radio service man is called in on a 
complaint of ''noisy reception’^ the fact that there is interfer- 
ence is all he knows about the situation. The rest is entirely 
up to him. The customer is interested merely in having the 
interference eliminated — at low cost. 

There are four possible ways for interference to enter a re- 
ceiver; by the receiver wiring itself picking up either the direct 
radiated (or re-radiated) interference, via the power supply line, 
through the antenna system, or by some combination of these. 
Since the steps which are finally taken to minimize the interfer- 
ence depend, among other things, upon the manner in which it 
enters the receiver, the first step the service man should take is 
to ascertain definitely through which path (or paths) it is reach- 
ing the receiver circuits. 

(1) The first test is simple: Tune the receiver to a point 
between the programs of two stations, and increase the volume 
control setting to maximum. Usually, the noise will be very 
loud when this is done. Now remove the lead-in wire from the 
Ant post of the receiver, and keep it several feet away from 
the set. This prevents any noise from reaching the receiver by 
way of the aerial and lead-in circuit. Uisten to the noise. If 
it has not decreased materially, the aerial and lead-in wires may 
be removed from suspicion. If it has decreased noticeably, the 
aerial and lead-in are partly to blame for the noise. If it is 
hardly heard at all, they are entirely to blame. 

If there was no decrjease, or a noticeable decrease, short-cir- 
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cxiit the AnU and Gnd. posts of the set with a very short piece 
of wire and listen again. The reduction of noise should be still 
more appreciable. The short-circuiting of these posts is neces- 
sary to prevent the leads from the posts to the coils and conden- 
sers in the set from acting as a short aerial. The short-circuit 
reduces this antenna-circuit impedance to such a small value that 
the voltage developed across the antenna coil is smalL 

ISfow the noise may or may not drop to aero. If it does, then 
the aerial or lead-in is picking it up, and means (to be described 
later) must be taken to minimize this pickup; if the noise does 
not drop to zero, so that a residual noise remains, then the test 
must be continued to determine the other point or points through 
which it is entering the receiver. 

Before continuing the test, it is necessary to listen carefully to 
the noise with the aerial and lead-in disconnected and the Ant.-- 
Gnd. posts short-circuited, and compare the character of the 
noise heard when the aerial is connected, to the character heard 
when it is disconnected- By the term ^^character’^ is meant the 
characteristic sound of the noise, i.e., whether it is a ^'whine^’ or a 
^^crackle'^ whether it is low-pitched or high-pitched, etc. This is 
necessary in order to ascertain definitely whether or not the 
residual noise heard after the aerial and lead-in are disconnected 
and the Ant.-Gnd, posts are short-circuited is the same as that 
with the aerial and lead-in connected and the short-circuit 
removed. If it is the same, then the noise is entering the receiver 
through the power line or the chassis itself. (A list of the char- 
acteristic sounds originating from different types of interference- 
generating devices will be presented in Art. 30-16). 

(2) Let us assume, now, that the residual noise is still 
loud enough to be objectionable after the tests of the previous 
paragraphs have been made, or that disconnection of the lead-in 
wire from the set does not decrease the noise appreciably. The 
second step of the test, then, is to disconnect the ground lead 
from the receiver; the aerial and lead-in may or may not be 
attached, (preferably not). Removal of the ground lead will 
eliminate the possibility that the ‘Aground’’ (which is part of the 
antenna system) is conveying noise to the receiver. If, after re- 
moving the ground wire^the noise is still objectionable, short-cir- 
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axiit the AnL and Gnd. posts of the receiver with a very short 
length of wire and note the noise level. A material reduction of 
the noise means that the ground is ^ 'noisy/’ and means must be 
taken to find a good ground — a ground that is free from noise. 

These two tests (tests for a noisy aerial and ground) will 
localize the entrance of the noise to some extent. In many 
cases, a large part of the noise will be eliminated by removing 
the aerial and ground leads, while in others the reduction of noise 
will be only slight. In either case, further tests must be made, as 
the only other two possible entrances are the power line and the 
receiver chassis. 

Modern receiver design is such that it is difficult to isolate 
the chassis from the power line and at the same time have the 
receiver operate from the line to which it normally connects. The 
idea in all of these tests is to make the test conditions such that 
the receiver is operating under normal conditions — ^with its nor- 
mal aerial, lead-in and power supply line. For this reason, the 
tests become useless when an attempt is made to try the receiver 
elsewhere in the same vicinity. Noise conditions are often such 
that one power line may be noisy and another in the same build- 
ing may be quiet; one receiver installation will pick up noise and 
another will not. Therefore, the set must be tested in the exact 
room in which it is to be used and under the identical conditions 
under which it will work normally. 

Two methods of attack then present themselves. The first 
method is to get a definite idea of the noise level of the receiver 
by comparing it with another thoroughly shielded receiver under 
identical conditions; that is, in the same room, with the same 
antenna system and using the same line plug as the customer’s 
receiver. It is important that the receivers be adjusted for the 
same degree of sensitivity, not merely set at the maximum degree 
of sensitivity on each set. Naturally if the noise levels of various 
receivers are measured at their maximum sensitivity, the least 
sensitive receiver will appear to be the quietest, when it is pos- 
sible that if both receivers were measured at the same sensitivity, 
the most sensitive receiver might actually have the lowest noise 
level, . 

iThe thing to do is to time m a distant station on the two 
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receivers which are to be compared for noise level. When both 
sets are adjusted to provide the same volume, on the same sta- 
tion, it is apparent that they are adjusted to the same approx- 
imate sensitivity. Now without disturbing the sensitivity ad- 
justments, disconnect the aerial and ground from both receivers. 
Now turn them on, in turn, and note the noise level of each. 
If the original set is noisier than the thoroughly shielded test set, 
then the original set is not shielded suflBiciently. This is true re- 
gardless of whether or not the actual noise level is zero. There 
is but one remedy in this case — the original set must be complete- 
ly enclosed in a copper shield and the shield grounded to the 
chassis. 

This is usually not an easy job, even with simple sets. The 
author has had occasion to shield many receivers, and the 
results have not always been completely satisfactory. The place- 
ment of the wires in the set, the disposition of the coils and con- 
densers, the location and type of tubes used, all have a bearing 
on the noise heard. However, the addition of the shield may tend 
to reduce the noise materially, so that the signal-to-noise ratio is 
acceptable to the customer. If the ratio is not acceptable, then 
the noise may be traced to its source and eliminated there, or 
else another thoroughly shielded receiver must be used. 

Very often all of the previous tests may indicate that the 
noise is coming in through the power line. That is, the removal 
of the aerial and ground and the use of a thoroughly shielded 
receiver may not result in any appreciable reduction in the noise 
level. In such cases, the final test must involve the power supply 
line. It is unfortunate that the power line cannot be disconnected 
from the receiver (the use of a line-operated receiver is assumed 
here) and it is just as imfortunate that the power line is a fre- 
quent carrier of noise. The only good test for the supply line is 
to insert one of the special line filters (see Art. 30-34) between 
the line and the receiver and note whether this reduces the noise 
level. 

In work of this kind, where several possibilities exist, and the 
method of trial and error must be used, every step should be 
carried out carefully and checked before proceeding to the next 
one. Unless one is very familiar with a particular neighborhood 
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and is thus aware of the general characteristics of various loca- 
tions as regards noise, the power supply line to the receiver 
should be checked by the use of a filter. It is only after all four 
possible sources have been investigated that the service man can 
point definitely to the means of entrance of noise and take the 
necessary steps (to be described later) to eliminate it. 

It must not be supposed from this discussion that all interfer- 
ence will be found to be entering the receiver through one path 
at all times. In fact, the more usual cases are those where the 
noise enters the receiver through the aerial, the ground, the chassis 
and the power line. Of course, the noise is not evenly distributed 
among all four, and one will generally predominate, but the noisy 
location may require treatment in several places before the noise 
level drops sufficiently to give an acceptable signal-to-noise 
ratio. In some cases, interference radiated from the power sup- 
ply line to the lead-in and aerial wires constitutes the strongest 
and most annoying noise heard. 

30-15. Suppression of Interference at Source vs. at Re- 
ceiver. — ^After it has been determined definitely by the fore- 
going tests that the interference is reaching the receiver by way 
of the aerial and lead-in, the ground, the power supply line, or a 
combination of these, the question is ^^what is to be done about 
it?^^ Shall no attempt be made to track the interference down to 
its fundamental source and apply proper interference suppres- 
sion measures there so as to eliminate it, or shall the problem be 
attacked by attempting to apply interference prevention meas- 
ures at the receiver instead. The best course to follow in any 
case depends entirely upon the conditions encountered. It is at 
this point that experience and good judgment on the part of the 
service man are a very important asset in pointing out the best 
procedure, for, if the wrong course is taken, a great deal of time 
and effort may be consumed without producing any worthwhile 
results. 

Records of organizations which have done a great deal of 
interference elimination work show that in nearly half of the 
cases the trouble is caused by appliances and circuits right on 
the customer's own premises. Motors in household appliances, 
thermostats, loose lamps in sockets, faulty switch contacts, ar- 
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mored cable rubbing against pipes, etc. — ^these are common 
causes of noises in the set owner^s own premises. Since this is 
so, it is advisable to proceed first with the idea of finding the 
source of interference right on the premises and eliminating it 
there. The owner should be asked at ' once if there are any 
electrical devices in his home. Mention such common ones as an 
electrical refrigerator, a sewing machine, a mixing machine, an 
oil burner, a vacuum cleaner, etc. Also ask him to tell as nearly 
as possible whether the noise is heard steadily or only at intervals. 
If it is the latter case, is it heard in the morning, afternoon, or 
evening; for how long, and how frequently. This may lead to a 
clue i The various electrical appliances on the premises should be 
turned on, in turn, while the radio receiver is operated at full sen- 
sitivity with no station tuned in. Any disturbing unit will re- 
veal itself immediately by the noise it causes. It will usually 
take only a few minutes to check all of the appliances on the 
premises in this way. If a noisy one is foxmd, a suitable filter 
connected to it (as will be described later) will generally elimin- 
ate the trouble due to it. If no interfering appliance is found 
on the premises, or if the application of proper suppression 
methods to those that are found does not clear up the interfer- 
ence completely, another decision must be made. 

If the tests outlined in Art. 50-14 showed definitely that the 
interference enters by way of the power line only, then a suitable 
filter applied at the outlet to which the set is plugged (see Art. 
30-34) will usually clear up the trouble. If it enters by way of 
the antenna system, the service man may either decide to give up 
the idea of locating the source of interference and adopt inter- 
ference prevention measures at the receiver installation instead, 
or he may decide to continue in his hunt for the source. The 
choice made in any case depends on the particular conditions en- 
countered, and should be one which will make for overall econ- 
omy consistent with effective noise prevention. 

It is often a very difficult matter to trace interference down 
to its source — ^for it may originate at some distance and be car- 
ried in on the power distribution system. Also, the source may 
be of such a nature that the cost of effectively eliminating its 
interference may be prohibitive, as in the case of a large indus- 
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trial motor, an elevator motor, or a congested business district 
full of flashing electric light signs, trolley car lines, motors, etc. 
On the other hand, it may be impractical for the service man to 
even attempt to carry out the job because he may have abso- 
lutely no jurisdiction over the interfering apparatus. It will also 
be found at times that the owner of the offending appliance not 
only refuses to pay for any interference-prevention device the 
service man may recommend, but even refuses to permit any 
such device to be put on his apparatus at no cost to himself. Of 
course in such cases, it is futile to' spend time in locating the 
interfering device, for after it is located nothing can be done 
about it unless there is a specific local ordinance covering such 
cases. Preventative measures must be applied at the receiver 
installation instead. 

However, since there are many cases where it is desirable or 
absolutely necessary to track down the cause of the interference, 
the service man should know exactly how to do it. For this 
reason, we will proceed to discuss first, the method of identi- 
fying (if possible) the type of device causing the noise; then prac- 
tical methods of tracking down the source ; next, effective methods 
of filtering the interference at the source ; and, finally, the latest 
methods employed to reduce noise at the receiver when this is 
the desirable course to follow. 

30-16. Identifying Interfering Devices by the Character of 
the Noise Prbduced. — In searching for an unknown source of in- 
terference, it is very helpful if one first has an idea of the type 
of device he is looking for. It will be realized that a search for 
perhaps a single motor may lead one into numerous nooks and 
corners, and if the service man has no idea as to the nature of 
the device causing the interference, a great deal of valuable time 
may be spent tracking down the guilty device before it is 
located and the actual filtering is done. For this reason, it is 
wise to note carefully the nature of the noise and classify it 
according to its characteristic sound. The following table has 
been prepared as a guide to give the service man an idea as to 
the type of device which may be causing interference according 
to the characteristic sound which it produces in the radio re^ 
•'C^ver. ' ' 'i : ' ‘ ‘ 
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(1) CRACKLING, SCRAPING, SHORT BUZZES, SPUTTERING 

May be caused by: door bells and buzzers, door openers, loose 
bulbs in electric light sockets, loose or corroded connections in 
electric light sockets, floor lamps, electrical appliances and 
cords, broken heating elements, wet power insulators, leaky pow- 
er transformer insulators, power line grounded on tree branches, 
elevator control contacts, high tension lines, leaky cables. 

(2) CLICKS 

May be caused by: telephone dialing systems, switches of any 
kind, as in sign flashers, elevator controls, heaters with ther- 
mostats, heating pads, electric irons with thermostats, tele- 
graph relays, etc. 

(3) STEADY HUM 

May be caused by: poor ground on set, antenna or ground 
wires running close to and parallel to power line. (This should 
not be confused with “tunable^* or ‘‘modulation hum” which 
is present only when the carrier wave of a station is tuned in 
(see Art. 23-18 in Chapter XXIII), nor does it include those 
cases of steady hum where the hum is due to some trouble 
existing in the receiver itself (see Arts. 23-19 and 23-20). 

(4) BUZZING OR RUSHING 

May be caused by: automobile ignition, moving picture ma- 
chine, arc lights, street car switches, oil burner ignition, bat- 
tery chargers, diathermy machines, high frequency apparatus. 
X-ray or violet-ray machines. 

(5) RATTLES, MACHINE-GUN FIRE 

May be caused by: telephone dial systems, automobile ignition 
systems, buzzers, vibrating rectifiers, sewing machine motors, 
dental laboratory motors, annunciators, doorbells. 

C6) WHISTLES, SQUEALS 

May be caused by: defect in the receiver, heterodyning broad- 
cast station signals, picking up radiations of an oscillating 
radio receiver nearby. 

C7) BUZZING, HUMMING, WHINING, DRONING, WHIRRING 

May be caused by : electric motor noise. May be on vacuum 
cleaner, electric fan, electric dryer, massage machine, hair 
dryer, motor generator set, small blower, farm lighting plant, 
electric refrigerator, oil burner, dental apparatus, cash reg- 
ister, dishwasher, sewing machine, etc. 

It must not be though that this list is complete. It is merely 
intended to serve as a guide to the t'ype of electrical equipment 
that can generate a characteristic sound in the receiver. Nor inust 
the characteristic sound be interpreted as absolutely conclusive 
evidence that a certain type of device is causing the trouble. For 
instance, the interference caused by an electric motor may be 
either a staccato machine-gim sound, indicated by (5) , or a buzz- 
ing sound more in the nature of a whine or drone, as indicated by 
(7). However, it will be found in most cases that the characteris- 
tic sound is caused by any one of the devices listed in the group. 
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(A) 


(B) 





(C) 


AAi T V. 






The probability that some par- 
ticular device listed in the group 
may be in the vicinity of the re- 
ceiver may be used as a clue to 
narrow down the choice in any 
case. 

The reason why most dis- 
turbing electrical devices can be 
recognized by the sounds they 
cause in the radio receiver out- 
put is that almost every one of 
these electrical devices produces 
in its supply line, disturbances 
having a particular wave-form. 
When these are received by the 
receiver, and are amplified and 
detected, they produce particu- 
lar sounds. In order to make 
this clear, a number of oscillo- 
grams of the characteristic dis- 
turbances produced by several 
common electrical devices were 
taken. They are reproduced in 
Fig. 30-6 and labeled. An os- 
cillograph was connected to the 
output circuit of a receiver 
whose antenna circuit was sub- 
jected to the interference in each 
case. These oscillograms show 
some very interesting things 
about such interference- Note 
the general similarity of inter- 


PiG. 30-6. — Oscillograms of typical disturbances produced by the 
following electrical apparatus: (A) A short steady arc between 
carbon electrodes. (R) Leakage of 6,600-volt lighting circuit through 
a high-resistance ground. (C) Small single-phase a-c motor running. 
(D) A loaded d-c — ^a-c motor generator set, {E) A mechanical in- 
terrupter. (F) Violet-ray apparatus. (G) Small universal motor 
with badly sparking brashes. ( JT) The same motor after the commu- 
tator was dieaned and the brashes were cleaned and fitted properly. 
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ference produced by sparking devices (-4.), (D), (E}f (F), (G). 
Also notice the great reduction brought about in the interference 
(G) vrhich was produced by a badly sparking universal motor 
when the brushes were fitted properly and the commutator was 
cleaned (H) , The use of cathode-ray oscilloscopes in noise-re- 
duction work by service men in order to reveal the character of 
the interference, is very helpful. (See Art. 25-43 of Chap. XXY.) 

30-17. Types of Electrical Devices Commonly Used in 
Various Establishments. — As a further aid toward identifying 
the source of interference, the following table (which is- repro- 
duced here by courtesy of Tobe Deutschmanriy Inc,) may be of 
value. As shown, it lists the various devices according to the 
types of establishments in which they are commonly employed 
and found. When interference is encountered, the service man 
should endeavor to find out if any of these establishments are 
in the immediate vicinity. If one is foimd, investigation should 
be made to find out if one of the devices listed here imder the 
heading of that type of establishment as being a potential cause 
of interference is being used. If so, tests should be made to find 
out if it is the cause of the interference complained of, and the 
proper filter should be applied to it if it is. This list, in con- 
junction with the one presented in Art. 30-16, will be of material 
assistance in tracking down sources of interference. 

Cede: A indicates a-e operated equipment 

D indicates d-c operated equipment 
AD indicates a-c or d-c operated equipment 
★ indicates a-c operated equipment which may or may not 
create interference. 

A. GENERAL BUILDING EQUIPMENT 

1. — — ^Fans of all description 

2. — ^A'^D — ^Blowers (ventilating systems) 

3. — D — ^Elevator motors 

4. — ^A^D — ^Motors on heating plants 

5. — ^At*’D — ^P ump motors 

6. — ^A'A’D — ^Air compressors 

7. — A^D — acuum cleaner installations 

8. — ^A^D — ^Refrigerator motors 

B. BUSINESS OFFICE EQUIPMENT 

1. — ^AD — Dictating machines 

2. — ^A^D — Calcnlating machines 

3. — ^A^D — ^Mailing machines 

4. — ^A^D — ^Multigraphing machines 

5. — ^AD — Stock timers 

6. — — Telegraph equipment 
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C. DOCTORS' OFFICES 

1. — A — X-ray 

2. — A — Diathermy apparatus 

3. — A^D — Static machines 

4. — AD — Massage equipment 

6. — AD — V iolet ray 

B, DENTISTS* OFFICES 

1. — ^A — ^X-ray 

2 . — ^AD — Dental motors 

3. — ^AD — Laboratory 'motors 

4. — AD — Chair elevating motors 

E. BEAUTY PARLORS AND BARBER SHOPS 

1. — AD — Hair dryers 

2. — AD — Motor driven clippers 

3. — ^AD — ^Massage equipment 

4. — AD — ^Violet ray 

5. — AD — Motor driven cash register 

6. — D — Neon sign converter 

F. SODA FOUNTAINS 

1. — A^D — Refrigerating equipment 

2. — AD — Drink mixers 

3. — AD — Fruit juice extractors 

4. — AD — Cash registers 

5. — AD — ^Electrically operated advertising display 

G. DEPARTMENT STORES 

1. — AD — Cash registers 

2. — A^D — Carrier systems 

3. — AD — Telautograph systems 

4. — ^AD — Call systems 

6. — ^AD — Animated displays 

6. — ^AD — Display studio equipment 

7. — AD — Flashing signs 

8. — ^D — ^Neon sign converters 

H. RESTAURANTS, BAKERIES AND CONFECTIONERS' 

STORES 

1. — A’A'D — Rotary ovens 

2. — A^D — Doughnut machines 

3. — ^A'^D — Electric hoists 

4. — ^A^D — ^Dish washers 

6. — ^A^D — ^Mixing machines 

6. — ^A'J^tD — ^R efrigerators 

7 . — A^D — Slicing machines 

8. — ^At^^D — F ood choppers 

9. — ^A^D — ^Ice cubing machines 

10. — A^D — Candy pullers 

11. — ^A^D — Com poppers 

12. — ^AD — Cash registers 

13. — A^D — Coffee grinders 

14. — ^AD — Flashing signs 

16. — D — ^Neon sign converters 

I GROCERY AND BUTCHERS' SHOPS 
1.^ — — Cash registers 
2»~^A^D—- Slicing machines 
3. — A^D — Coffee grinders 
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4. — A*I> — ^Refrigerators 

J. CLEANING ESTABLISHMENTS 

1. — ^A'^D — ^Vacuum cleaners 

2. — ^A^D — ^Hat cleaners 

3. — ^AD — Cash registers 

4. — ^A^D — Shoe buffers 

5. — ^A^D — ^Rotary dryers 

6. — ^AB — Sewing machines 

7. — ^AD — Plashing signs 

8. — D — ^Neon sign converters 

K. SHOE REPAIR SHOPS 

1. — ^AD — Sewing machines 

2. — A*D— Buffers 

3. — ^A^B — Grinders 

L. PRINTING SHOPS AND NEWSPAPER OFFICES 

1. — ^AB — ^Press motors 

2. — ^A^D — Cutters 

3. — — ^Linotype and monotype machines 

4. — ^A — ^Electric neutralizers 

6. — AB — ^Plashing signs 

6. — B — ^Telegraph equipment 

M. JEWELERS’ AND OPTICIANS’ STORES 

1. — ^AD — Cash registers 

2. — AD — Lathe motors 

3. — ^AD — Grinders and buffers 

4. — ^At^B — C ompressors 
6.— AD —Brills 

6. — ^AD — ^Plashing signs 

7. — — Neon sign converters 

N. GARAGES, BATTERY SHOPS and FILLING STATIONS 

1. — AD — ^Portable motors 

2. — ^A*'D — Air compressors 
3- — ^A*D — Shop motors 

4. — ^AD — Charging equipment 
6. — — Gasoline pumps 

6. — A^D — Spray equipment 

7. — A^D — Pressure lubrication systems 

8. — ^AD — Plashing signs 

9- — ^D — Neon sign converters 

O. DRESSMAKING, TAILORING, AND GARMENT SHOPS 

1. — A^D — Sewing machines 
2* — ^AD — Y aeuum cleaners 

3. — A^D — ^Electric cutters 

P. LAUNDRIES 

1. — A'^D — Washing machines 

2. — ^A’A^D — ^Mangles 

3. — A*T > — ^Dryers 

4. — AB — Sewing machines 

Q. MACHINE SHOPS 

1. — ^A^D — ^Motors, driving 

2. — ^AB — ^Portable tools 

3. — A^D — Air compressor, electric driven 
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R- THEATRES 

1. — — ^Ventilating systems 

2. — A^^r^D — Cooling systems 

3. — ^AD — Hand dryers 

4. — ^A^D — Projectors 

6. — A'AtD — M otor generator sets 

6. — A^ — Synchronizing motors 

7 . — ad — Flashing signs 

8. — D — Neon sign converters 


HOTELS, 

HOSPITALS, AND INSTITUTIONS 

1. — 

Restaurant 

2. — 

Laundry 

8. — 

Valet 

4.— 

Soda fountain 

6.— 

Barber shop 

6. — 

Shoe cleaning equipment 

7.— 

Hand dryers 

8. — 

Vacuum cleaner installations 

9. — 

Ventilating and heating systems 

10.— 

Telegraph equipment 

11.— 

Call systems 

12. — 

Telautograph 

13.— 

Clocks 

14. — 

Medical and dental equipment 

TELEGRAPH AND TELEPHONE OFFICES 

1.— D 

— Keys 

2.— AD 

— ^Battery chargers 

3.— D 

— Relays 

4.— AD 

— Clocks 

5.— AD 

— Motor generators 

6.— AD 

— Ringing equipment 

7.— D 

— Switchboard 


ir. STREET RAILWAY SYSTEMS 

1. — Arcing at trolley wheels 

2. — Air compressors 

8- — Driving motors 

4. — Buzzers 

6. — Semaphore signals 

6. — Trolley crossovers 

7. — Trolley disconnect relays. (To signal when trolley 

pole is oif) 

V. STREET RAILWAY STATION EQUIPMENT 

1 , — Motor-generator sets 

2. — Water-pump motors (run from trolley current) 

8. — Air compressor motors (run from trolley current> 

W. POWER AND LIGHT COMPANIES 

Transmission Circuits 

1. — Scale on insulators 

2. — Loose bonds 

3. — Static discharge from unbonded hardware to ad- 

jacent hardware 

4 . — Loose tie wires 

6. — Cracked insulators 

6. — Pole top switches 
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X. POLICE AND FIRE ALARM SYSTEMS 

1- — ^AD — Battery charging: equipment 

2. — D —Relays 

3 . — X) — Telegraph equipment 

4. — Tree grounds 

Y. TRAFFIC SIGNALS 

1. — ^AD — ^Blinkers 

2. — ^AD — Control mechanisms 

In general, it may be stated that all universal (a-c — d-c) 
motors and all d-c motors produce interference. Alternating cur- 
rent motors of the repulsion-starting — ^induction-running type 
often produce interference (especially when starting), while large 
a-c motors of the three-phase type seldom, if ever, cause inter- 
ference. 

30-18. Classification of Interference by Method of Pickup 
by Receiving Kquipment, — Before proceeding with a study of 
the methods of tracking down interference to its source, it will 
be well to differentiate between the various ways in which inter- 
ference may reach the receiving equipment. The following classi- 
fication may prove helpful: 

(1) Conducted interference is that part (if any) which 
enters the receiver proper via the power supply line by 
simple conduction. 

(2) Direct radiated interference is that radiated part which 
is picked up direct from the source of disturbance by 
the antenna system. 

(3) Re-radiated interference is that part which is conducted 
from the source by the power supply line (or some other 
conductor) and is then re-radiated from the live wiring 
and picked up by the antenna system. 

It is fortunate that the majority of interference that is heard 
as noise arrives through the antenna system. The first conclu- 
sion to be drawn, then, is that the interference is radiated into 
space for a short distance directly from the source, and for much 
longer distances from the power line to which it is connected. 
Not all of the interference is radiated, however, some is conducted 
along the power line and into the power circuit of the receiver 
as previously described. But in the majority of cases of ordin- 
ary interference, most of the interference is radiated from the 
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power circuit wiring, like a radio signal, and is picked up by the 
aerial and lead-in and sometimes by the chassis. Chassis pickup 
is sonaewhat rare in well-shielded receivers, so that what- 
ever does come in through the chassis is caused by the same 
sources as those picked up by the aerial and lead-in. 

30-19. Tracking Down the Source of Interference. — Once 
the type of interference has been classified according to its 
characteristic sound, and the nature of the interfering device 
or the establishment it is used in has been ascertained in a gen- 
eral way if possible, the difficult problem of locating the actual 
guilty device or devices must begin if it has been decided to 
track the interference down to its source and apply the proper 
remedies to suppress it there. While this procedure is usually a 
laborious one, there are many cases where it is absolutely neces- 
sary. For instance, although much of the noise produced by 
man-made interference may be greatly reduced by the use of 
special noise-reducing antenna systems (since the greater part 
of it is radiated by the line to the antenna system), the installa- 
tion conditions may be such that it may be impractical to erect the 
aerial portion of the noise-reducing antenna system high enough 
to be beyond the zone of the disturbing radiations. Under con- 
ditions of this kind, the use of such systems is only partially 
effective, and the disturbance must be eliminated directly at its 
source if quiet reception is to be obtained. Placing a filter in 
the power line at the receiver will not eliminate the trouble, for 
since the interfering device is located some distance from the 
receiver, a considerable amount of energy may still be radiated 
by the line between the noise source and the filter. Of course, 
this noise will be picked up by the aerial and heard regardless 
of the filter. In those cases where the interference is reaching 
the receiver solely by way of the power line, it may also be ad- 
visable to track down the source if it does not take too much 
time — otherwise, a line filter may be installed at the receiver 
line plug. 

At this stage of the proceedings, it is known whether or not 
the aerial, the ground, the receiver chassis or the power line is 
feeding most of the noise (see Art. 30-14). This knowledge is 
useful in locating the source; It is much easier to describe how 
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the sources of interference should be tracked down than it is to 
do the actual tracking, for many conditions which alter the pro- 
cedure are usually met with in the field. Methods which are 
found to be effective in rural communities are worthless in con- 
gested city districts ; others which are effective in private dwell- 
ings are not practical in apartment houses and hotels. So much 
impractical information has been published concerning this part 
of interference elimination work; that the inexperienced service 
man had better start reading the following pages by first forget- 
ting most of what he has read about the subject in magazine ar- 
ticles, house organs, etc., lest he be clapped into a limatic asylum 
for wandering in and out of buildings where he has no business to 
be, and around town in circles with an interference locator 
strapped on his back, a loop antenna sticking out in front of his 
nose and a far-away look in his eye hunting for the all-elusive 
source of interference. He should realize that the tracking down 
of interference sources is no simple job (on the average) even 
for men experienced in this work. He should also realize that 
there is hardly another branch of service work where practical 
experience, attention to small details, keen observation, perser- 
verence, tact in questioning people, and systematic methods are 
more necessary for success. This is probably the main reason 
why the trend (at least in large cities) has been toward the erec- 
tion of specially designed noise-reducing antenna systems and 
the elaborate use of line filters to eliminate interference, rather 
than attempt to track down the interference to its source. How- 
ever, the service man should know how to '^track^' interference 
if it is ever necessary for him to do so. Since the procedure de- 
pends to a great extent upon whether the receiver is installed 
in a hotel or apartment house, a private dwelling in a city, or a 
private dwelling in a rural community, we will divide our study 
in accordance with these conditions. 

(1) ^Tracking” interference in hotels and apartment houses: 

When called upon to track man-made interference in a receiver 
installation in a hotel or apartment house, the service man should 
first realize that there may be fifty or a hundred different small 
motors or other electrical devices generating interference in the 
many rooms or apartments in the building. There will usually be 
elevator motors and contactors (usually in the elevator pent house 
on the roof) which^ will add their share to the general melee of 
interference. Some idea of what an X-ray eye might see in a modem 
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apartment house is illustrated in Fig. 30-7. Electric fans, refriger- 
ators, vacuum cleaners, mixers, telephones, clothes washers, violet-ray 
apparatus, heating pads, etc., go to make up only a small part of 
the list that might be found. Evidently, even if every single inter- 
fering device were located (admittedly a laborious task), it would 
be a very costly job to clean commutators, fit brushes, apply line 
filters, repair worn and frayed cords, etc., in order to eliminate all 

the interference (and don't forget 
that many of the residents would ob- 
ject very forcibly to any suggestion 
by a service man that he be allowed 
to do such and such a thing to the 
^‘mixing machine” because it is caus- 
ing interference in Mr. Blank's radio 
set across the hall). Such “whole- 
sale” tracking down and interference 
prevention measures in a building of 
this type are usually out of the ques- 
tion. Usually, the most practical 
thing to do in such cases is to install a 
line filter (see Art. 30-34) at the outlet 
to which the set is plugged (or at the 
fuse box in the apartment), and erect 
an effective noise-reducing antenna 
system with the aerial portion in a 
zone as free from interference as pos- 
sible (see Arts. 30-36 to 30-58). 

If only a particular device in the 
building is causing serious trouble, 
that is another matter. The service 
man may find this out by carefully 
questioning the set owner as to 
whether the interference appears at 
all times, or only at certain times of 
the afternoon or evening; whether it 
always starts at exactly the same 
time (or on some exact part of the 
hour) — also, whether it lasts a short 
time or a long time, etc. He may be 
able to furnish considerable valuable 
information in this connection. If 
the particularly annoying noise occurs 
only at certain times, the service man 
should arrange to be present at the 
time the noise is starting. He should 
note the character of the sound and 
attempt to form some opinion regard- 
ing the nature of the device which is 
producing it (see Art. 30-16). Experience is valuable in this con- 
nection. If this noise lasts long enough he should attempt to find out 
how it is reaching the receiving equipment (see Arts. 30-14 and 30-18). 

From this point on, the problem resolves itself into hunting for 
the guilty device. If the service man has formed some opinion re- 
garding the natnre of the device he has something to start on. In 
some cases, questioning the building superintendant regarding the 
possible location of such devices in the building may lead to a clue. 
In others, an interference-locating receiver with a loop may be help- 



PiG. 30-7. — How various 
electrical appliances in an 
apartment house or hotel 
will cause disturbances not 
only through the power sup- 
ply line (see Fig. 30-4) but 
also by direct radiation and 
re-radiation to the lead-in 
(and possibly the aerial) due 
to their close proximity to it. 
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ful, but this is not usually the case in a building of this kind where 
so many false indications may be received. When a suspected de- 
vice is found, it should be turned on and off by one person, while 
another listens at the radio set (some communication arrangement 
between the two persons is desirable here) to find out if it is causing 
the interference complained of. If it is, proper interference sup- 
pression measures should be applied to it (as will be explained later). 
If not, the search must continue — ^mainly by inquiry among the 
various occupants of the building (when this is practical) about the 
ownership of motors, electrical household appliances, etc. (name 
them for the person, as most people forget about at least one third 
of the electrical appliances they have) . Courtesy and tact are 
essential in this phase of the work. In a large building, this may be 
a considerable task. 

In many cases, it will be found that some source outside the 
building is causing the disturbance. Of course, if electric surface 
car lines, elevated railroads, flashing electric signs, etc., are oper- 
ating in the vicinity, these should be suspected at once, and in order 
to check the suspicion, careful observations should be made at the 
noisy receiver while the vehicle or device in question starts and stops. 
In connection with trolley lines, etc., remember that the powerful 
disturbance caused by a car which is out of sight may be conducted 
along the third rail or overhead trolley wire for a long distance 
and be re-radiated to the antenna lead-in wire or even the jpower 
supply lines in the building* and cause interference in the radio re- 
ceiver. Of course the service man can do nothing directly regarding 
such sources of interference. A well-erected noise-reducing antenna 
system with the aerial wire located in a zone as free from the dis- 
turbance as possible (not necessarily the highest point possible) will 
usually be the best remedy for this trouble. Often, a line filter must 
also be used. The directional effects of the particular type of aerial 
employed should also be taken advantage of in the installation. It 
should be erected so that its best receiving direction (whatever that 
may be) is not the direction toward the trolley line or other seat of 
■disturbance. The directional properties of various tsrpes of aerials 
will he discussed later. Even if a noise-reducing type lead-in is used, 
it should be run down from the aerial to the set in a location as far 
from the disturbance as is practical. For instance, the lead-in L 
shown in the installation of Pig. 30-7 is in a poor place since it is 
subject to interference radiations in 3 directions in the building and 
from external street disturbances from the fourth direction. It 
would be much better to carry it down at the rear far comer of the 
building and then around the far side wall to the receiver — ^provided 
no other strong source of interference would be encountered on that 
side of the building I 

As an example of how a source of interference external to a build- 
ing in a congested section of a large city may be tracked down step 
by step by simple, level-headed reasoning, even though the problem 
seems quite hopeless at the start, the following actual case may be 
of interest: 

One of the branch stores of a large radio retail organization 
located in a congested sectio nof a large city which is noted for its 
severe electrical interference reported that demonstration of any radio 
receiver, after four o'clock in the afternoon, was impossible because 
of loud clicking noises. A service-man experienced in interference 
work was put on the job. After first going over the entire installation, 
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h6 noticed that the clicks followed one another closely and resembled 
the type of interference created by an electric sign ‘^flasher”. Since the 
aerial portion of the antenna system was erected fax above the street 
level and the lead- in wires were completely shielded through metal con- 
duit to the receivers in the demonstration booth, it was hardly possible 
that the interference was picked up through the aerial-ground sys- 
tem* A test proved this conclusively! The only remaining assump- 
tion was that the interference reached the receivers only through the 
power supply lines. However, the insertion of a filter into the line 
at the meter where it entered the building failed to accomplish any 
results. 

An investigation was then made to determine the location of 
all flashing signs which were placed into operation at the observed 
time. As the store was located in a congested business section of 
the city and a great number of nearby flashing signs were switched 
on at or about four P. M., it was difficult to determine just which 
sign was the cause of the disturbance. However, the fact that the 
steady clicking interference started at exactly four P. M. every day, 
indicated that some timing device was being employed to operate the 
flasher. Further inquiry finally revealed a large S-section flashing 
neon sign which was operated by a four-gang — ^four-circuit sign 
flasher unit to obtain certain running-border and other motion eflects. 

Through the cooperation of the manager of the store operating 
the neon sign, a man was stationed at the switch of the sign so that 
the effect produced by switching the sign on and off could he noticed 
by another stationed at the radio receivers. Telephone communica- 
tion was established between the two. Starting the sign flasher 
produced the clicking interference complained of, which ceased as 
soon as the device was turned off. Now that the source of the inter- 
ference was located, the elimination was simple. Each circuit of the 
four-gang — ^four-circuit breaker mechanism was filtered separately 
by the insertion of a suitable filter and by-pass condenser. (Pig. 30-19) 
This case is related here for the purpose of demonstrating the value 
of employing a systematic method for locating a source of interfer- 
ence, and for observing all details regarding the interference itself. 

(2> ‘^Tracking” interference in private dwellings in cities : 

When man-mcLde interference exists in radio installations in pri- 
vate dwellinp:s in cities, the service man is able to concentrate more 
on the building itself, since he is usually given a free hand in the 
job. The usual questions should be asked of the set owner in an 
attempt to secure as much information as possible from him regard- 
ing the noise [see (1) ]. In addition to questions regarding the loca- 
tion of all electrical appliances in the building, inquire about the 
possible proximity of power houses, sub-stations, trolley lines, elevated 
railroads, elevators in adjoining buildings, doctors* or dentists* offices 
in the immediate neighborhood, flashing electric light signs, etc. 
Any clue he gives should he checked at once. 

The usual preliminary tests should be made in order to get some 
idea of the character of the noise, the “probable** type of device 
which is causing it and how it is reaching the receiver equipment. 
All electrical devices in the building should be checked to find out 
if they are causing interference. Proper filters should be applied 
to any that do. If the trouble still persists (perhaps it is weaker 
now) , find out from the owner where the meter and fuse box for 
the electric light circuits in the building are located. With the set 
turned on so the noise comes in as loudly as possible and #ther 
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the owner (or an assistant) listening, go down to the fuse box 
and unscrew one fuse at a time until you find out which one 
makes the set stop playing. Screw it back. That one is not to 
be touched again. Now unscrew both fuses in each branch circuit 
(actually remove them from the fuse block, in one branch circuit at 
a time) and after each pair is removed, get a report regarding the 
noise in the receiver. Unscrewing the fuses cuts out the branch cir- 
cuit so that any loose lamp socket terminals, loose lamp plugs or 
cords, noisy switches, etc., that may be in the line are prevented 
from affecting the receiver. If the noise stops when some branch 
circuit is ‘‘killed*' check the connections etc., at every outlet, switch. 

Pig. 30-8. — An 
“interference locat- 
ing” portable re- 
ceiver with its ex- 
tremely directional 
loop - antenna. In 
some cases it may be 
advisable to mount 
the loop on top of a 
small pole which 
may be carried 
around. 

and plugged-in device in that circuit for a possible internal loose con- 
nection, intermittently “grounding” contact, etc. Of course, the 
main power supply switch should not be opened (as so many inter- 
ference-suppression articles advise) for if this is done, the elec- 
trically-operated receiver will not operate and of course the noise will 
not be heard. If the branch circuit to which the receiver is con- 
nected is to he tested, the receiver may be plugged into a nearby 
outlet on one of the other branch circuits and its aerial and ground 
leads extended to it while the test is being made. 

If disconnection of the branch circuits makes a difference in the 
noise, but no loose connection, etc., can be found in them, it is possible 
that the circuits are re-radiating line-conducted interference to the 
antenna system. In this case, by-passing should be tried across the line 
at the “meter*' side of the fuse block. If the power supply line is 
not the cause of the noise, the hunt should be directed to the im- 
mediate vicinity outside the building [see part (1) ]. (It is assumed 
of course that all power, telephone and other circuits are installed 
in underground ducts under the streets). It is well to investigate^ the 
possibility of electrical devices such as oil burners, x-ray, ultra-violet 
ray, or diathermy apparatus installed in adjacent buildings. The 
offices of physicians, dentists, etc., should also be checked. 

<3) “Tracking*' interference in rural dwellings: 

The interference “tracking” procedure for rural dwellings is the 
same as that just outlined for city dwellings. However, if the tests 
show that the disturbance is being carried in on the power supply line 
(which is assumed to be of the elevated type supported on poles), or 
if it is definitely shown to originate at some other source e:^ernal to 
the building, a portable interference-hunting receiver (shown in Fig. 
30-8) will prove us^ul in tracking it down. It is in rural communities 
that such receivers find their most important use, hut even here they 
have limitations which are not generally recognized hut which are im- 
portant. 


NOISE IS UOUDESTWHEN THE PLANE OF THE 
LOOP IS AS SHOWN BY THE ARROWS. ARROWS 
POINT TO THE DIRECTION OF ARRIVAL OF THE 




1076 


MODERN RADIO SERVICING 


CH. XXX 


Portable, sensitive, noise ‘'hunting” receivers with directional 
*'loop antennas^' have been developed especially for tracking do'wn 
the exact source of such disturbances. By simply carrying them in the 
direction in which the interference comes in louder and louder, the 
source is usually located. These '‘interference locators” usually com- 
prise a two or three stage tuned r-f amplifier, detector, and one or two 
stages of audio frequency — ^the entire receiver being constructed in 
compact, battery-operated portable form. Instead of using a loud 
speaker, a pair of headphones and output meter are connected to 
the receiver so that the intensity or strength, and the nature of the 
interference may be accurately gauged hy both a visual and aural 
indication. A receiver and loop antenna of this kind are illustrated 
in Pig. 80-8, In some cases, a 50-100 turn coil wound on a 6-inch 
form is mounted on a rod which is carried in the hand to serve as the 
aerial. The advantage of this method lies in the fact that the aerial 
may be pointed in any direction more conveniently, than is possible 
with the “loop aerial”. Of course, it is essential that the “noise 
locator”, as well as the lead connecting the “coil antenna” to the re- 
ceiver, be completely shielded. A receiver utilized in locating causes 
of interference is necessarily battery-operated for portability. In- 
cidentally, the old Radiola 26 portable loop-operated receiver makes 
an excellent interference locator when an output meter is built into 
it (see Chapter VII for details concerning various forms of output 
meters). 

If the incoming power supply line is suspected of carrying the 
disturbance, and either conducting it into the receiver directly, re- 
radiating it to the receiver antenna, (or both), set up the portable 
interference locating receiver a short distance back of the building — 
away from the power line. Now tune the noise in on this portable 
receiver (cruise around and come closer to the power line if it can- 
not be heard) and observe the output meter indication. Slowly turn 
the loop antenna until the noise is loudest. Walk in that direction 
parallel to the plane of the loop (see Fig. 30-8) which leads toward 
the power line. If the noise intensity 'increases as you walk toward 
the incoming power line with the loop pointing toward it, and de- 
creases when you walk back away froxn it, it is safe to conclude that 
it is responsible for the noise. Now follow the branch line from the 
building to the street and, follow the street line for a short distance 
in the direction in which the noise gets more intense (if it does). 

This is about as much as any radio service man needs to do. He 
should not attempt to tamper with any circuits, poles, transformers, 
etc., belonging to the electric li^ht company. Instead, he should com- 
municate at once with the maintenance oflfice and explain the situa- 
tion to the person in charge, respectfully requesting that the line be 
checked over and any defective apparatus on it be remedied in order 
to stop the interference. He should not tell the person how to do the 
joh.^ Most public utility companies are anxious to maintain their 
equipment in such condition that radio interference is reduced to a 
minimum. They therefore maintain trained test crews who are prop- 
erly equipped and experienced in tracing down such troubles to their 
sources. Very often the trouble will be found to originate a long 
distance from the place where the radio service man observed it, and 
will be due to a cause which the radio service man would never have 
located or even guessed about in a hundred years! 

From these discussions, it is apparent that tracking the in- 



CH. XXX SEDUCING ELECTRICAL INTERFERENCE 


1077 


terference to its source may consume considerable time — ^in most 
cases an amount of time which, is considerably more than it takes 
to actually suppress the noise at the source after it is found. For 
this reason, it is necessary for those service men who make inter- 
ference elimination a specialty, to equip themselves with 
good test instruments and a thorough knowledge of the types of 
electrical installations, interference, etc., which are apt to be en- 
countered in the community in which they work. Their exper- 
ience and knowledge of local interference conditions also aids 
them to decide quickly, without waste of time, just what the 
best course to pursue in any case is. 

30-20. Filters for Eliminating the Interference at its 
Source. — ^There is little question about the desirability of getting 
at the source of interference in order to eliminate it, provided it 
is practical, possible and economical to do so. If this is the 
case, after the interference has been traced to some particular 
device, and it has been definitely established that that device is 
causing the noise, the next step is to eliminate the noise. 

From the theory of noise interference presented in Art. 30-10, 
it is evident that interference is due fimdamentally to variations 
or interruptions which the device causes in the line current, and to 
sparking which may occur. This is especially so if the construction 
of the device is such that sparking occurs, a very rapid oscillation 
of current lasting for the duration of each spark (see Fig. 30-6) 
results. This causes similar oscillations through the power lines 
which feed the device, with the result that electromagnetic fields 
(similar to the electromagnetic field around a radio transmitting 
antenna) are created around the lines. Thus, the entire line 
feeding the device becomes a veritable broadcasting antenna, 
radiating interference impulses to any radio receiving equip- 
ment which happens to be within its range, (see Fig. 30-4) . 

It is evident that if the interference is to be minimized, the 
interruptions or variations in the current must be minimized, 
i.e., they must be smoothed ov;t. This is accomplished by the use 
of appropriate filters connected between the interfering device 
and the line which supplies power to it, as close to the device 
as possible. 

The simplest type of filter is a single condenser, connected 
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between one side of the line and the jrame of the device, as shown 
at (A ) of Fig. 30-9. If the device were a motor, for instance, the 
condenser C would be connected to it as shown in Fig. 30-10. 
The condenser used should be of sufficient capacity to smooth 
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Fig. 30-9. — Six filter ax'rangements which may be used for min- 
imizing the feeding of interference from an interference-producing 
device into the power supply line. Arrangements (A), (B), (C) 
and (D) are the most common ones. The condensers may bo of 
0.1 to 1.0 mfd. or larger. (Kotb: Any of these filters may also be 
applied to the power supply line of a radio receiver [see Art. 30-84] 
to prevent interference from entering the receiver via the power 
supply line. For such applications, the chokes D in arrangements 
[C] and [D] should be connected between the by-^pass condensers and 
the radio receiver. When this is done, the end of the filter marked 
DEVICE in the above sketches becomes the “line” end. and that 
marked DINE becomes the radio receiver^* end. 

out the current variations — ^the size required depends upon the size 
and type of device it is used on. About 0.1 to 1-mfd. is the aver- 


Fig. 30-10. — Schematic 
diagram of a series Wound 
(Universal) motor com- 
monly used in household 
appliances. An interfer- 
ence-su:[ppressing filter con- 
denser IS shown connected 
to it. 

age size for household appliances, (1-mfd. being most common). 

The single-condenser filter is effective only on devices which 
draw small currents and whose interference is not of a very 
disturbing nature. It is usually necessary to use a pair of con^ ^ 
densers across the device, as shown at (B) of Fig. 30-9. This * 
arrangement is shown in Fig. 30-11 for a series (universal) 
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motor. The junction of the two condensers is connected to the 
frame of the device and in some cases, also to a good '^groiind^^ 
(see Art. 30-22 on the effect of ‘^noisy^’ grounds). As a safety 
measure, a fuse (not shown) may be connected in the line lead 
of each condenser. This type of filter is quite effective in most 
cases, and is convenient to apply if the condensers can be mount- 




^ "TO 

^ POWER 
LINE 

GND. TO 
MOTOR FRAME 


Fig. 30-11. — Schematic 
dia^am of a series wound 
(Universal) motor show- 
ing- the use of two filter 
condensers (one for each 
brush). The common ter- 
minal is grounded to the 
motor frame. 


ed within the housing of the interfering device or fastened to it 
on the outside. 

In instances where the interference is very severe and is not 
minimized sufficiently by the use of condensers alone, choke 
coils must also be inserted in series with the line, on the “line** 
side of the condensers, as shown at (C) and (Z)) of Fig. 30-9 
(and also in Fig. 30-12) in order to aid the action of the con- 
densers. These choke coils may be of the radio- or audio-fre- 
quency type, depending upon the type of noise, and must be 


Fig. 30-12. — Schematic 
diagram of a ehunt type 
motor with an inductance- 
capacity filter connected 
to its input circuit. 



wound with wire of sufficiently large size to safely cany the full 
load current of the device continuously without overheating. 
Choke coils having an inductance of about 2 millihenries are 
commonly used in the filters for those small and medium sized 
electrical devices which require them. 

In most instances a single radio-frequency choke connected 
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on one side of the line as shown at (C) is sufficient; one may 
be made as follows: 

Wind 75 turns of enameled or cotton-covered wire (of proper 
size, depending upon the current, it must carry) on a form 2 inches 
in diameter, wrap a piece of Empire cloth around it and continue 
the winding in the same direction. Wind another 75 turns over the 
first, making a total of 160 turns. The coil should be taped to hold 
the wire in place, and sealed in a metal can about 4 inches in 
diameter. A lead should be brought out from each end of the coil 
before it is sealed. 

If no appreciable decrease in noise is noted after the coil is 
connected in the line, an iron core from any old power transformer 
(or ordinary stove-pipe iron) should be inserted in the form and 
made to form a closed ring, leaving a small air gap of about % inch. 
This makes it an a-f choke. It may be necessary to use two such 
chokes — one in each leg of the line, as shown at (D) and (E). 

The length of the coil form and the size of the wire to be used 
are dependent upon the current which the choke must carry, i.e. 
the current which the interfering device draws for its operation. 
The table below lists the safe current-carrying capacity of the 
various sizes of ordinary magnet wire (having silk, cotton, or 
enamel insulation) that may be used for those devices ordinarily 
encountered. The resistance of the chokes should be kept as low 
as is practical, so too much power will not be wasted in them. 


Wire Gauge (B & S) 

18 

16 

14 

12 


8 

6 

4 

Safe Current-Carrying 
Capacity (Amps.) 

1,1 

1.7 

2.7 

I 

6.9 


17.6 

27.7 


The condensers employed in interference-suppression filters 
should be preferably of the non-inductive type and have a 
voltage rating double the w-orking voltage of the line to which 
they are attached. This will take care of the ‘‘peak’' voltage 
of the line. Several typical compact condensers suitable for use 
in the filter circuits of Fig. 30-9, are illustrated in Fig. 30-13. 
The type at the right, having the pig-tail leads, is very con- 
venient for this work. 

The problem of interference elimination has been studied so 
thoroughly that various commercial filter units have been developed 
for effectively eliminating the interference from practically every 
type of interfering electrical device. These are made with combine 
ations of condensers (or condensers with chokes having the proper 
size wire) of the proper size for the purpose. All the service man 
needs to do is to order the correct filter unit fox the particular job 


*Note: a more complete and comprehensive Magnet Wire Table 
giving the turns-per-inch, etc., for all sizes of wire will be found 
in Section 21 of the author^s Radio Tronble-Shooter*s Handbook. 
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at hand- These units are applicable to both a-c and d-c circuits and 
are particularly advantageous when inductive-capacitive filter units 
are required, for it is often rather difficult for the service man to 
build these chokes — especially if they are to carry heavy currents. 
In some cases, the construction is so specialized that a certain type of 
filter unit is specified for eliminating interference only from a certain 
type of device (see Fig. SO-20). 

30-21. Best Physical Location for the Filter. — Interfer- 
ence prevention filters are frequently found to be ineffective. 
One of the main reasons for this is that the filter is not con- 
nected close enough to the source of the disturbances in the 
interfering device. This point is not generally accorded the im- 
portance which it deserves. It is essential that the filter be 



Pig. 30-13. — Left: A single l-mfd. by-pass condenser with metal- 
tab terminals. 

Ce'nter : Two l-mfd. condensers in a single case, with the com/mon 
terminal at the center. 

Right : A 2-condenser unit having flexible pig-tail lead terminals. 

Condensers such as these are useful for use in the filter arrange- 
ments of Fig. 30-9. 

placed as close to the unit to be filtered as possible. This means 
that the filter should actually be mounted inside the frame of 
the device if it can fit there, or, if not, it should be not more 
than a few inches away at the most. 

The reason for this close proximity is apparent when the 
circuit of Fig. 30-14 is considered. If the filter unit be placed at 
some distance from the interfering device, for example, then the 
leads jrom the filter to the device will be of appreciable length 
and will radiate interference because the noise current flows in 
the portion of the line between the device and the filter as shown. 
This interference may be picked up by the part of the line beyond 
the filter and be conducted to the receiver or re-radiated to the 
receiver antenna by it, or, it may be radiated directly to the re- 
ceiver antenna system if the interfering device is close enough 
to it. Remember that the filter does not eliminate the noise, it 
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merely prevents it from flowing through the entire length of the 
power line to the receiver. It is evident therefore that under 
such conditions interference will persist even after the interference 
source has been hunted down and a filter has been connected to it 
(but improperly) . This is why many filters do not produced the 
results expected of them. The remedy is obvious! 

Keep the leads from the filter to the seat of the interference as 
short as 'possible. Every superfluous inch of wire is a potential 
source of radiation and interferencel 

If the leads cannot be kept short, they should be shielded with a 



Fig. 30-14. — Schematic circuit showing how the ground pipe may 
radiate interference, and how the leads which connect the filter to the 
interfering device may also radiate interference impulses to the part 
of the line beyond the filter unit, and possibly to the antenna system 
of the receiver, if it is near enough- The filter should therefore be 
mounted close to the interfering device and the leads to it should be 
kept as short as is possible in order to prevent this. 

good shielding braid, and the shield grounded to the frame of the 
device. 

The manufacturers of various electrical appliances such as 
drink mixers, irons, washing machines, vacuum cleaners, neon 
signs and beauty shop equipment are now, to a large extent, 
equipping their products with built-in filters to eliminate pos- 
sible radio frequency disturbances at the source. 

30-22. Noisy ‘"Ground'^ — ^It is interesting to note (see Figs. 
30-9 to 30-12) that the by-pass condensers used in interference 
filters are ‘‘returned^' to the frame of the device causing the 
noise rather than to an actual ^*ground'\ The reason for this is 
evident when it is realized that fe'^ easily accessible grounds 
have a low resistance. If the resistance of an available ground 
connection is high and if the by-pass condensers of a filter afe 
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connected to this ground, the noise current will flow through 
this ground wire and cause a ^^noise voltage” drop across it. 
This means that a radio receiver, connected to sonoe other sec- 
tion of this groimd (it might be in the same building), will have 
its potential above actual groimd by an amount equal to the 
noise voltage drop in the groimd wire, and noise will be heard, 
especially when one side of the power line to which the chassis 
also connects is grounded. It is usually best, therefore, not to 
ground the frame of the motor. This, however, is only a general 
rule, and is not valid for all cases. It takes but a few moments 
to experiment in each case and determine whether more or less 
noise is obtained by actually grounding the by-pass condenser 
terminal and the frame of the interfering device. 

A second reason for not using a real ^^ground” is the fact that 
if one is used, the ^‘noise currents” flow through the wire to this 
^'ground”, and through this ground conductor (water pipe), as 
shown in Fig. 30-14. In doing so, they radiate interference im- 
pulses, just like an aerial. The lower the ground resistance is, 
the greater is the noise current in this ground lead and the ground 
pipe, and the more noise radiated. If radiation from the pipe is 
strong enough, it may affect other wires, which, in turn, will radi- 
ate energy. On the other hand, if the distance to actual ^'earth” 
is short, the resistance of the ground is low, and if radiation from 
the ground wire does not affect reception, then the use of an 
actual '"groimd” may be preferable. The best procedure is to 
try an ''earth” ground in every installation and observe its effect 
on tlie interference — do not rely upon general rules in this work 
as there are too many special factors which may affect the results. 

30-23- Eliminating Interference from Motors. — The most 
frequent sources of interference produced by household electrical 
appliances are : sparking at the brushes of motors, and arcing at 
the contacts of thermostats and vibrators. Sparking commu- 
tators or contacts radiate a considerable amount of interference 
because of the oscillations set up, (see {G) of Fig. 30-6) . It is 
for this reason that the spark should be reduced to a minimum 
even though a line filter is to be installed. 

The series motor (commonly called a "universal motor” be- 
cause it will work on either a-c or d-c) is employed very widely 
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in small appliances such as vacuum cleaners, sewing machines, 
washing machines, clippers, grinders, fans, mixers, etc. It may 
be recognized easily by its commutator and pair of brushes. The 
interference it produces in the radio receiver is distinguished by 
the ^'singing'’ or rotary sound which increases in pitch as the 
motor gets up to normal speed, and by the fact that it may he 
timed in at almost all parts of the broadcast band with approx- 
imately equal intensity. 

Extremely annoying interference may be caused by these 
motors if excessive sparking occurs at the brushes due to poor 
commutation (which is inherent in the design of the motor and 
cannot be corrected by the radio service man) , a dirty or worn 
commutator, open or shorted coils or commutator segments, dirty 
or poorly fitting brushes, etc. In such cases, cleaning and 
smoothing the commutator with fine sandpaper, refitting or re- 
placing worn brushes (see Art. 27-40 and Fig. 27-40) are the 
first steps which must be taken to reduce interference — other- 
wise the use of a filter will not suffice. The actual effect of these 
steps on the interference created by the motor is shown very 
strikingly by the oscillograms at (O) and (H) of Fig. 30-6. 
That at (G) shows the wave form of the interference produced 
by a universal (series) motor whose commutator was dirty and 
worn and whose brushes sparked badly. The result of putting 
both the commutator and the brushes in first class operating 
condition so that very little sparking occurred is shown by the 
greatly subdued interference illustrated at (iJ). 

It is often necessary to move the position of the brushes in 
d-c motors and generators to minimize sparking. In a motor, 
the brushes should be moved in a direction opposite to that of 
rotation; and in a generator, in the same direction as that of 
rotation. The brushes should be moved only if the sparking is 
still excessive after the commutator has been cleaned and the 
brushes reseated. There will always be some sparking present 
normally, especially when the load on the motor or generator is 
very close to or greater than rated load. Any adjustment of 
the brush positions should be made while the motor or generator 
is running with its normal load. 

All motors used in home appliances such as vacuum cleaners. 
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sewing machines, washing machines, hair clippers, grinders, fans, 
juice extractors, mixers, d-c electric refrigerators, oil burners, 
etc., and in such devices as cash registers, dental motors, motor 
generator sets and rotary converters, farm lighting units (gen- 
erators) may be effectively suppressed by means of a suitable 
filter installed as close to the seat of disturbance as possible 
and so connected that the leads from the filter unit to the device 
are jzist as short as they can possibly be made so that no inter- 
ference will be radiated from them. The filters shown at (A) 


Fig. 30-15. — Filter 
arrangement for elim- 
inating the interfer- 
ence created by ther- 
mostat controls. 


THERMOSTAT'S 


TO 

POWER 

LINE 


j 




-'CONTACTa 


TO 

DEVICE 


and (B) of Fig. 30-9 are suitable for small motors up to % h.p., 
condensers of 0.1- to 1.0-mfd. being commonly used. Larger 
motors require larger capacities from 1 to 5 mfd., and often make 
the use of an inductive-capacitive type filter such as shown at 
(C), (D) and (E) necessary (see Art. 30-20 for details regard- 
ing the construction of these filters). The brushes and commu- 
tator should be attended to first so that minimum sparking oc- 
curs before the filter is connected. In motor-generator sets and 
rotary converters, a filter may only be necessary at one end 
(usually the d-c end) , or quite often at both the a-c and d-c ends. 

30-24. Eliminating Interference from Thermostats and 
Contacts. — Thermostatically controlled apparatus in homes us- 
ually consists of heating pads, room temperature controls, electric 
irons, some types of refrigerators, oven controls and electric water 
heater-controls. As in the case of the series motors, thermostats 
may cause interference inherently due to their design or because 
their contacts require cleaning or adjustment. It is usually im- 
practicable to attempt to repair the thermostats in heating pads, 
but the interference can usually be prevented from being radi- 
ated by connecting a small capacitor-type filter (condensers C-C) 
across the power line supplying the heating pad, as shown in 
Fig. 30-15. 
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In other thermostat applications, the contacts should first be 
put in good mechanical condition and adjusted so that they do 
not open so slowly that an arc is drawn out, for this will pro- 
duce interference. If interference persists after adjustment has 
been made, two 0.1- to 1-mfd. condensers C-C should be con- 
nected across the line as shown in Fig. 30-15. In special cases 
where the contacts break circuits carrying appreciable currents, 
two additional condensers (shown dotted) may be required 
across the contacts. Finally, in very severe cases, the line choke 
coils L-L may be necessary. The leads from the filter to the 
thermostat should always be kept as short as possible to prevent 
radiation of interference from them. 

Elevator controls, motor starter and control contactors, street 
cars, large power applications to ventilating systems, refriger- 
ation, etc., all may cause interference, especially when operated 
from direct current. Since a great deal of such apparatus is 
present in dense business areas, suppression of all interference 
from it is usually impracticable and economically unsound. In 
these districts it is simpler to use a special noise-reducing an- 
tenna system. If interference caused by switch contacts in 
lighting circuits is to be eliminated, a 200-ohm resistor in series 
with a 0.1 mfd. condenser should be connected permanently across 
the switch contacts. 

30-25. Shielding the Source of Interference. — Shielding 
of the device causing the noise interference is not unusual, 
though somewhat undesirable from some standpoints. First of 
all, complete shielding is necessary j the entire unit must be en- 
closed in copper mesh and the mesh grounded to the frame of 
the device in several places. Second, servicing the device is diffi- 
cult; the mesh must be removed and replaced, (usually by men 
not aware of the problems of noise reduction) — ^which is some- 
what undesirable. Third, the proper kind of shield may ham- 
per the operation of the device to some extent. It must be re- 
membered that a shield may be built, but whether or not its 
presence is detrimental to the appearance of the device, or makes 
its operation inconvenient, depends upon the nature of the shield 
and the device. These considerations are usually the deciding 
factors in any question involving the complete shielding of the 
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device causing the interference. Also, it must be remembered' 
that a line filter (located inside of the shield) must be used even 
though complete shielding is resorted to, for the shielding will 
not keep the disturbances out of the line. It merely kills off 
all direct radiation of the disturbance from the interfering device. 

30-26. Eliminating Interference from Buzzers, Dpor Bells, 
etc. — ^Interference caused by vibrating contacts, such as are used 
in call buzzers, door bells, dial telephones, etc., is of such an inter- 
mittent nature that filtering is usually not justified. However, if 


Pig. 30-16. — Filter ar- 
rangement for eliminating 
the interference created 
by electric bells, buzzers, 
etc. The condensers and 
chokes across the batte^ 
line are only required in 
cases where the interfer- 
ence is particularly severe. 



this interference must be eliminated, two 1 mfd. condensers may 
be connected in series across the contacts with the Junction of the 
two condensers groimded to the device and/or to a separate 
ground. In some instances, however, it is also necessaiy to in- 
stall two condensers across, (and often two choke coils in series 
with) the line circuit of the interfering device as shown in Fig. 
30-16. When it is foxmd, however, that the addition of the 
choke coils has changed the frequency of the interference so 
that it may be heard at another dial setting of the receiver, it 
is then necessary to change the inductance of the choke coils 
(either by increasing or decreasing the nnmber of turns on them) 
in order to shift the interference from the broadcast band. 

30-27. Eliminating Interference from Oil Burners. — ^Inter- 
ference caused by oil burners is due mainly to the ignition sys- 
tem, although a certain amount of interference may be caused 
by the motor that operates the blower and by the motor that 
operates the temperature-control system if one is used. Ordin- 
arily, an a-c motor operating the blower of an oil burner creates 
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interference only for a few seconds, at the instant of starting. 
These motors are usually of the repulsion-starting — induction- 
running type and create interference only for a few seconds 
during the starting period. Provided the motor is in good elec- 
trical condition, no interference should be created by this type 
of motor while running; if interference is present, the motor 
should be carefully inspected for defects or necessary cleaning. 
If the njotor is of the single-phase type in which the brushes 
remain in contact with the armature, and the brush circuit is 
opened by means of a centrifugal switch, a slight continuous 
interference may result. This may be filtered out easily by a 
common capacitive line filter. 

If the oil burner is operated from a d-c line, the d-c motor 
which is employed may produce interference at a steady inten- 
sity during the periods that the oil burner is in operation- This 
interference may be eliminated in the usual way with a proper 
capacitive-inductive filter unit (see Art. 30-23) , such as is 
shown in (D) of Fig. 30-9. It is necessary that the units com- 
prising the filter be encased in a metal cut-out box and pro- 
vided with fuses so as to conform with Fire Underwriter regu- 
lations. The choke coils used in the filter unit must be wound 
with wire large enough to handle safely the current require- 
ments of the motor (see Art. 30-20). The ground lead must be 
connected to some part of the motor frame. 

The same type of filter unit (in some cases a simple cap- 
acitive type will sufl&ce) must be employed in cases where the 
small series-wound motor driving the temperature-regulating 
control (used in some oil burner systems) causes interference 
which sounds as a loud roaring noise lasting from 20 to 100 
seconds. In such instances, the filter unit must be installed 
directly at the power input to this motor and its “ground^’ lead 
should be connected to a carefully cleaned part of the motor 
frame. 

Interference caused by the ignition system and high-tension 
wiring of an oil burner is generally the chief cause of interfer- 
ence, and is heard as a loud roaring noise which may last from 
15 to 60 seconds, or during the entire period during which the 
oil burner is in oi>eration. To prevent disturbances from this 
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source from feeding back into the line it is necessary that a 
suitable capacitive-inductive filter unit be installed in series 
with the input leads to the ignition transformer and as close as 
possible to that unit. All wiring must be enclosed by conduit 
or cable. The ground connection of the filter unit should 

be made to a cleaned spot on the metal case of the ignition trans- 
former and to the BX cable or conduit. In some oil burners, 
most of the high-tension leads are contained within the fuel 
tube and are shielded by it to some extent. In order that no 


Fig. 30-17. — Filter ar- 
rangement for eliminating 
the interference created 
by vibrator-type storage 
battery chargers. In some 
cases it is also necessary 
to completely shield the 
charger in addition to con- 
necting the filter to it. 


possible radiation by 
part of it must be completely shielded by conduits or shielded 
braid, these shields being well grounded to both the case of the 
ignition transformer and to the fuel tube of the oil burner. As 
a final measure of interference prevention, a good electrical con- 
nection should be made between the boiler (which may act as a 
radiator of noise interference) and the oil burner frame. 

30-28. Eliminating Interference from Battery Chargers. — 
Battery chargers of the vibrator type used in the home and in 
auto-service shops are very frequent offenders and are somewhat 
difficult to filter. After considerable experimenting, the author has 
found the arrangement of Fig. 30-17 to be effective. A choke- 
condenser arrangement is connected to the power line as shown, 
and two additional condensers are connected to the vibrator con- 
tacts. All leads from the filters to the units should be kept as 
short as possible. It may also be necessary to shield the unit, as 
many of these battery chargers are of the ''open” type, witli coils 
and vibrator contacts exposed, 

30-29. Eliminating Interference from Electric Refriger- 



high-tension wiring shall exist, every 
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ators. — When a-c operated electric refrigerators are new and in 
perfect electrical and mechanical condition, they may cause radio 
interference only during the few seconds when the motor is 
starting up. However, in refrigerators which have been operated 
for a long time, the motor starting contacts, etc., may become 
dirty and worn and interference may result during the entire 
periods when the motor is running. A suitable inductive-cap- 
acitive type filter (see (D) of Fig. 30-9) mounted as close as 
possible to the motor and connected across the supply line at the 
motor with short leads will’ generally eliminate interference from 
this source. 

If interference still persists after the filter has been con- 
nected, other causes may be responsible for it. 

The most common cause is due to the accumulation of static 
charge on belt driven compressors in dry weather. On many 
refrigerator units the compressor and motor are mounted on 
spring supports or vibration absorbers in such a manner that 
the frames are not permanently grounded to the larger metal 
parts of the refrigerators. A simple remedy for this type of 
trouble is to bond the frame of the motor and compressor to the 
frame of the refrigerator or other large metal body in the immed- 
iate vicinity, with a flexible jumper. The jumper should be suffi- 
ciently flexible so as not to interfere in any . way with the opera- 
tion of the refrigerating unit. 

In other cases, weakening of one or more of the spring sup- 
ports causes a periodic contact between the motor frame and the 
refrigerator frame, resulting in fairly steady interference while 
the motor is running. Mechanical adjustment of the spring, or 
bonding the same units mentioned above will eliminate this noise. 
In general, interference from these troubles is very similar to 
natural static and usually does not affect receivers which are 
very remote from the refrigerator. 

Thermostats and their associated relays are a source of 
trouble when not in good operating condition. When the con- 
tacts of the thermostat or the relays are in need of cleaning or 
adjustment, a small arc is apt to be drawn while the unit is in 
operation. Troubles of this type sometimes become very severe 
from the standpoint of radio interference, particularly when the 
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thermostat is so mounted as to permit changing of the contact 
pressure by the vibration of the unit. When difficulties of this 
type are experienced, it is advisable to communicate with an es- 
tablished electrical refrigerator service organization since the 
performance of the refrigerator depends to a great extent on 
the proper setting and operation of the thermostat. 

If the refrigerator is operated from a d-c source, a d-c motor 
is employed. If the brushes and commutator require attention 


Fig. 30-18. — Filter arrangement 
for eliminating the interference 
created by violet-ray apparatus. 
The condensers C are of 2 mfd. 
capacity each. 



(see Art. 30-23) interference is likely to result during the full 
time that the motor is in operation. No filter should be con- 
nected to the motor until the commutator has first been cleaned 
and the brushes have been cleaned and re-fitted. 

30-30. Eliminating Interference from Electro-Medical Ap- 
paratus. — ^Electro-medical equipment, particularly violet-ray. 
X-ray and diathermy apparatus, is probably the most prolific 
producer of interference. This is all high- frequency apparatus, 
and the interference generated by it is not only radiated directly 
into space in all directions for a short distance, but the 
greater part of it is fed back into the power line where it may be 
conducted directly to receivers located considerable distances 
away, or may be re-radiated to other power wiring, telephone 
circuits, etc., which may carry it along and re-radiate it to radio 
receiving equipment located as far as a few miles away. Thus, 
it may not only create interference in the immediate locality, 
but over a large area as well. Service men should remember this, 
and not be too quick to hold such apparatus blameless because 
it happens to be located at what appears to be a considerable 
distance from the location where the interference is received. 



1092 


MODERN RADIO SERVICING 


CH.XXX 


Interference from the usual violet-ray apparatus is in the 
form of a roaring sound varying somewhat in intensity from time 
to time and having no definite frequency. An oscillogram of the 
wave-form of this kind of interference is shown at (F) of Fig. 
30-6. Notice its oscillatory character and the presence of strong 
harmonics evidenced by the many ''kinks^^ in the wave form. A 
very effective filter for preventing the interference from a violet- 
ray tube from feeding back into the line is shown in Fig, 30-18. 
This may also be applied to other similar electro-medical devices 
— always keeping the leads from the condensers to the seat of 
the disturbance just as short as possible. Of course the direct 
radiation from the device will still be present. If this is par- 
ticularly severe and annoying, the entire device (including the 
patient) will have to be enclosed in a large shield cage such as 
will now be described for diathermy machines. 

A diathermy machine is a device for the production of high- 
frequency currents to be used in the treatment of certain dis- 
eases such as rheumatism, etc. Such machines will be found in 
hospitals, in the offices of some physicians, etc. 

The circuit used for obtaining these frequencies is essentially the 
same as that used in early spark transmitters whose operation is 
now forbidden by federal law. In the diathermy machine a trans- 
former, condenser, and adjustable spark gaps are used to produce 
high-frequency currents. These currents are carried along flexible 
leads to metal electrodes applied to the body of the patient. The 
similarity to a spark transmitter is obvious. The “antenna” consists 
of the electrode leads and the body of the patient. In the case of 
some types of treatment the body of the operator is also a part of 
the antenna system. The “counterpoise” is the power line. Fortun- 
ately, the “antenna system” of the diathermy a|>paratus is not de- 
signed for maximum radiation at the frequencies used, and con- 
sequently, the area affected by the direct radiation from the electrode 
leads and the body of the patient is relatively small- This dtrectZy 
radiated interference seldom affects receivers more than 200 feet 
from the apparatus. The greater part of the interference (which 
often affects receivers located several miles from the apparatus) is 
fed back into the power line and is radiated by it. 

Early models of these machines employed frequencies from 900 
to 1,400 kc (ranging over practically the whole of the standard 
radio broadcast band) but in the newer models, an attempt has been 
made to keep the frequencies used outside of the broadcast band. 
However, since the circuits of the apparatus are so broadly tuned, 
this is difficult. The operation of a diathermy machine produces in- 
terference of the “shock excitation” type. It appears in the radio re- 
ceiver as a fairly high-pitched roaring sound which may vary both in 
frequency and in Intensity as adjustments on the machine are varied. 
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From the foregoing discussion, it is evident that complete 
elimination of the interference from these machines involves: 

(a) elimination of the feeding of the high-frequency energy 
back into the power line. 

(b) elimination of the direct radiation of interference from 
the machine. 

The first problem is solved by connecting a filter between the 
machine and the power line. I>ue to the intensity of the inter- 
ference from this type of apparatus and the fact that it is of the 
“shock excitation’’ type, this filter must be imusually effective 
and should be designed preferably to suppress the par- 
ticular band of high frequencies which these machines produce. 
Special commercial filter units designed especially for these 
machines are available. The current which these machines draw 
from the a-c line varies from 6 amperes (small size) to 25 am- 
peres (the very large size) , 

It is not practical to install filters in the output (high-fre- 
quency) circuit of the diathermy machine in order to solve the 
second problem by suppressing the high-frequency interference 
at its source and thus preventing its radiation since, if such fil- 
ters were effective in suppressing radiation of the interference 
they would also prevent the passage of high-frequency currents 
to the body of the patient, and would thus render the apparatus 
ineffective in the treatment of disease. It is, therefore, evident 
that this problem can only be solved by complete shielding, i.e., 
completely enclosing the entire machine, the line filter unit, the 
operator and the patient taking the treatment in a large screen- 
ing cage, (since the application of the electrodes to the body of 
the patient causes the patient to act as a broadcasting antenna 
which will radiate the interference). It has been found that an 
enclosing cage measuring about 7x5 feet and 6^ feet high 
constructed with a wooden framework and completely covered 
with ordinary galvanized iron screening (exact size of mesh not 
important) on all foxir sides as well as on the top and bottom 
(a hinged screen door is used for entrance and exit) serves the 
purpose. The complete continuity of the screening must be 
maintained at all joints in it by providing firm metallic contact 
between the various sections of which it is composed. Several 
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parts of the cage should be well grounded to earth. 

It is important to note that any wiring which enters the 
screen booth must pass through the filter, otherwise, interference 
will be picked up on this wiring and carried out of the cage, thui 
reducing the walue of the shielding. In other words, any lighting 
fixtures used for illuminating the interior of the cage must be 
mounted above the top of the booth so that the light shows 
through the screen, or if they are installed within the booth must 


FLASHER 



Fig. 80-19. — Filter arrangement for eliminating the electrical 
interference created by electric sign flashers. 


be connected to the load side of the filter. Doorbell, annuncia- 
tor, or telephone wiring must also be kept outside the screen, 
otherwise, the interference will be picked up on this wiring and 
carried out into the building, thus nullifying the value of the 
filter and screening. 

30-31. Eliminating Interference from Sign Flashers. — — 
Electric sign flashers are often a source of interference 
Sec. (1) of Art. 30-19) which can be prevented by the use of 
suitable filters of the capacitive and inductive type. The inter- 
ference heard from signs of the type in which various sections 
flash on and off is a steady series of “clicking*' noises noticeable 
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whenever a section of the sign is flashed on or off. Although 
interference from this type of sign is extremely annoying, it is 
not so objectionable as that created by those signs which have 
a ruiming border or “bursts”. This type of sign produces inter- 
ference which sounds like the steady rattling of machine-gun 
fire in the radio receiver which picks it up. These running bor- 
ders or “bursts” are controlled by high-speed rotary switches 
mounted on a long drum which is revolved by an electric motor 
operated from the line. These clicks are caused by the make 
and break of the circuits as different parts of the sign are 
switched on and off. The switching action sets up oscillations 
in both the supply lines to the flasher mechanism, and in the 
connecting lines between the flasher mechanism and the lamps in 
the sign. 

The complete schematic circuit arrangement of a typical 
electric sign flasher installation with all the chokes and by- 
pass condensers necessary for the complete elimination of 
interference from it is shown in Fig. 30-19. The interference 
created by the motor (if any) and that created by the flashing 
circuits is blocked from being conducted back into the power 
supply line by the filter system composed of line condenser Csr 
plus condenser C 3 and choke which are in the common load 
lead at the right. 

Interference may also be caused by direct radiation caused 
by the oscillation set up in the leads between the flasher con- 
tacts and the lamps in the sign. This radiation may be picked 
up by the supply line and re-radiated to radio receiving antennas 
at points further along it, or it may be picked up directly by 
the antenna system of any receiver within several hundred feet 
of the sign. If the leads between the flasher contacts and the 
sign are very short and run in metallic conduit, no suppression 
need ordinarily be applied to them. However, if they are long, 
it is necessary to apply a proper capacitive-inductive filter to 
each of the leads. This may consist of an inductance Lz in series 
with each lead, and a by-pass condenser Ci from the lead to 
the frame of the flasher. In addition, a by-pass condenser C is 
connected directly across each flasher contact, as shown. Of 
course, all condenser leads should be kept as short as possible. 
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It is important to keep in mind that a filter must be connected 
in each of the flasher leads — if a single one is left unfiltered, that 
lead will radiate interference, and the effect of the filters in the 
other leads will be reduced materially. Also, each filter section 
should be shielded from the rest. Also, in most cases all grounds 
should be made to the frame of the flasher, and any actual ‘^earth 
ground^’ to the flasher frame should be removed. 

Flashing signs drawing a total of as much as 10,000 watts and 
having from 25 to 50 contacts on the flasher are not uncommon. 
Naturally, the filter inductances which must be applied to large 
signs must be constructed of heavy wire able to carry the cur- 
rent in each flasher circuit. Such inductances are rather difBicult 
for the individual radio service man to construct himself. Com- 
mercial filter units containing all the necessary units in a single 
case are available for suppressing interference from flashing signs 
of all sizes, and are designed especially for this purpose. A typ- 
ical unit of this kind, one of which is to be used for each 4-circuit 
.section in a multiple-section flasher installation is illustrated in 
Fig. 30-20. 

30-32. Eliminating Interference from Neon Signs. — ^Neon 
signs which operate steadily fare not flashed) will seldom cause 



Fig. 30-20. — commer- 
cial electric si^n flasher 
filter unit containing both 
the line and flasher circuit 
filters complete in one 
compact case. One of 
these units is used for each 
4-circuit section on a mul- 
tiple-section flasher instal- 
lation. 


’ Oourtsjry Tohs D ett^ttchmann Oorp. 


any radio interference if they are in good electrical and mech- 
anical condition — even though they are operated from high-ten- 
sion transformers. If interference is traced to such a sign, the 
sign itself should be inspected and repaired before any filtering 
arrangements are tried. It may need cleaning, the electrodes may 
require rebushing, loose connections between the transformer and 
the neon tubes (or between separate sections of the tubing) may 
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have to be tightened, a larger transformer may have to be sub- 
stituted because of overloading, the transformer case and the 
metal sheaths of any connecting wires may have to be thor- 
oughly grounded, etc. All of these possibilities should be checked 
carefully. 

If the interference still persists after all of these details have 
been attended to, an inductive-capacitive type filter (see Fig. 
30-9) should be connected at the primary side of the transformer 
used for supplying the high-tension current for operation of the 
sign. 

If the sign is of the ^'on-off^^ variety or is of the type which 
consists of a number of sections operated by a rotary sign 
flasher, both the line circuit and each flasher circuit wall have to 
be filtered in exactly the same manner as explained in Art. 30-31 
for sign flashers, and showm in Fig. 30-19. 

30-33. Minimizing the Interference at the Receiving 
Equipment* — ^The question as to whether it is better to attempt 
to suppress the interference directly at its source so that it does 
not reach the receiving equipment at all, or whether it is best to 
concentrate attention on the receiving equipment instead and 
take steps to prevent the interference from affecting it, has al- 
ready been discussed in detail in Art. 30-15 and to some extent 
in Art. 30-19. The answer to it, and the decision regarding the 
course which the service man is to follow in any case, must be 
arrived at only after a careful level-headed consideration of the 
installation conditions which each case presents has been made. 
There is no single ‘‘sure-cure*’ formula for interference elimina- 
tion. Before making any decision, the following points should 
be considered carefully: 

(1) Is the interference reaching the set by way of; (a) the 
power line; (b) the ground lead; (c) the lead-in and 
aerial; (d) a combination of these? 

(2) Is the nature of the immediate vicinity surrounding the 
place where the receiver is installed such that you would 
expect to find that the interference was caused by only 
one (or a few) electrical devices which can be located 
fairly easily, or is it likely that a large number of elu- 
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sive devices are contributing to the interference (see 
Fig. 30-7)? 

Is the interference likely to be caused by a device that 
can be suppressed effectively by a filter or other means 
which the owner of the device is willing to allow the 
service man to install and which either the owner of 
the interfering device or the owner of the receiver is 
willing to pay for? 

If it has been determined that at least a good part of 
the interference is reaching the receiver by way of the 
aerial and lead-in, is it likely that the aerial can be 
erected in a location which is reasonably free from the 
disturbance so that this portion of the antenna will not 
pick up noise even after a noise-reducing lead-in ar- 
rangement has been installed? 

The answers to these important questions (and to any others 
which the service man^s experience on noise-elimination jobs in 
the particular locality has shown him are very important), are 
the factors which should determine his course of action. They 
should tell him whether it is advisable to attempt to track down 
the source of interference and suppress it right at its source, 
whether to employ a line filter at the power line outlet to which 
the receiver is plugged, or whether to erect a special noise-re^ 
ducing antenna arrangement instead, etc. The economics of the 
situation, and the degree of freedom from the interference which 
each remedy will finally provide are the key considerations in 
each case. 

There is little question but what it is usually very con- 
venient to minimize the interference at the receiving equipment 
rather than at the source whenever this is the best course to 
follow. Such a procedure often results in decreased cost of 
filtering apparatus, decreased cost in terms of time consumed 
in locating the source, and probably better results when the 
interference originates from several sources as is common in 
congested city districts. A consideration of what has been said 
here must show that there arp mi^ny ,cp.ses where it is not econom- 
ical to devote the large amount of tini'e required to hunt down 
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the source of interference in the veritable maze of electrical dis- 
turbances which may exist in the locality. In others, it is just 
plainly impossible to locate it, and the sooner the service man 
realizes it the better. This condition is very common in cities 
(especially where apartment houses are crowded together). With 
these facts in mind, let us see how interference may be pre- 
vented from affecting the receiver by taking proper steps at the 
point of location of the receiving equipment. 

30-34. Suppressing Interference from the Power Line. — 
Let us assume that the tests outlined in Art. 30-14 show con- 
clusively that the interference (or at least a good part of it) is 
being conducted directly to the receiver from an outside source 
of disturbance by way of the power supply line, and that it has 
been decided for one reason or another that it would not be 
wise to, attempt to himt down the source of this interference. 
What should he done? 

Noise entering the receiver by direct conduction via the 
power line can be minimized in two ways: first, by the insertion 
of a filter between the line and the receiver; and second, by the 
use of a shielded power transformer in the receiver. The first 
•expedient makes use of a suitable filter (one of the types de- 
signed especially for use at the noise-generating device may be 
used). This filter may consist of condensers alone (as the ones at 
(A) and (B) of Fig. 30-9), or combinations of condensers and 
chokes, as previously described and shown at (C) and (D), placed 
in a shielded container. When used at the receiver, it should be 
placed as close to the electrical outlet as possible in order to 
prevent the receiver supply cord from radiating noise over its 
length from the outlet to the receiver wiring or to the lead-in 
wire. 

Whenever it is at all practical to do so (especially in 
private homes) it is best to connect the filter at the incoming 
^^service^^ switch near the house meter. By connecting the filter 
right at this main switch, the disturbances are prevented 
from circulating through the electric wiring of the building. 
This prevents them from reaching the receiver via the power 
line and also prevents fields which might 

also affect the kntehfia C^^S^. The filter ar- 



1100 


MODERN RADIO SERVICING 


CH.XXX 


rangement shown at (B) of Fig. 30-9 is a good one for this pur- 
pose if 1-mfd. condensers are used. Keep the leads to the con- 
densers as short as possible, and connect their junction point to 
a good ground. This ground should be preferably a separate 
ground from the one used for the receiver — generally made quite 



WALL OUTLET 



Fig. 30-21. — Correct mothod of connecting a line filter unit 
directly at the power line outlet so that no interference will enter the 
receiver line cord and be radiated to the receiver wiring or antenna 
system from it. The "‘ground"' terminal of the filter unit should be 
grounded to the conduit of the line— not to the receiver ground. It 
is preferable to locate the filter unit at the main service switch of 
the building if it is possible (see text). 

conveniently to the metal conduit in which the supply wires are 
run. In fact, even if the filter is connected at the outlet to which 
the receiver is plugged, its ^‘ground^’ terminal should not be con- 
nected to the ground terminal of the receiver — it is usually much 

more effective to ground it to the 
metal conduit of the line by con- ' 
necting it to the outlet plate as 
shown in Fig. 30-21. In fact, in 
many cases this ^^ground” may be ' 
found to have more effect on elim- 
inating the interference than the 
filter itself has. And don't use a 
line filter the size of a thimble. Ee- 
member that it is the capacity (or 
inductance) of the filter that does 
the trick. Therefore, if the filter 
is one of those tiny things that are 
often seen, it does not have much capacity in it, and consequently 
will not do much filtering. i 

The use of a shielded power transformer is common prae-| 



Fig. 30-22. — How the elec- 
trostatic shield is placed be- 
tween the primary and sec- 
ondary windings of a power 
transformer. 
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tice in many medium-priced (and in all well-designed) modern 
receiTers. An electrostatic shield is built in between the prim- 
ary and the secondary windings of the power transformer in the 
receiver as shown in Fig. 30-22. The presence of this shield 
prevents line interference from getting across from the primary 
winding to the high-voltage secondary winding. Two by-pass 
condensers of about 0.1 mfd. each are also often connected across 
the supply line in the receiver. Of course, it is not generally 
necessary to replace an unshielded type power transformer with 
one having an electrostatic shield when noise is entering the set 
via the power line, but it is well to know why some receivers 



(A) (B) (C) 
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Fig. 30-23. — Three typical commercial line filters which contain 
filter condensers. They are made in the various forms shown here in 
order to facilitate their installation under various conditions. 

(with unshielded power transformers) are noisier than others 
(with shielded transformers) even though chassis shielding is 
about the same in both. 

There are many commercial compact, inexpensive line filter 
units desired with a male plug at one end (which plugs into the 
wall outlet) and a female socket at the other end into which the 
plug on the line cord of the receiver is inserted. When properly 
installed, as shown in Fig. 30-21, they automatically connect 
into the line between the wall outlet and the receiver line cord. 
Three t3rpieal units of this kind are illustrated in Fig. 30-23. 
The unit at (A) contains a single 1 mfd. condenser which auto- 
matically connects across the line. The female socket at the 
left and male plug at the right are visible. It can be mounted 
directly on any wall outlet, the screw which mounts it on the 
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wall plate serving to ground it. The filter shown at (B) con- 
tains two 1 mfd. condensers which form the circuit arrange- 
ment of (jB) of Fig. 30-9. The binding post at the right is for 
the connection to ground. The filter illustrated at (C) employs 
the same circuit arrangement but contains condensers of larger 
capacity. It is designed for use in cases where the interference 
is quite strong. Its line cord (which plugs into the wall outlet) 
should be made as short as possible when the unit is installed, 
so that it will not radiate interference directly to the receiver 
chassis wiring or the antenna system. All of these units can 
also be used at the source of interference (between the device 
which is causing the interference, and the power supply line), 
but when they are so used, the wiring from the filter to the seat 
of the disturbance in the interfering device should be made very 
short to prevent direct radiation to the line and to other wires 
and antenna systems which may happen to be close by (see 
Fig. 30-14). 

30-35. Interference Pickup by the Antenna Circuit. — ^Let 
us now consider the case where the tests outlined in Art. 30-14 
show definitely that the interference (or at least a major part 
of it) is being picked up by the antenna system of the receiver. 
The interference may get to it in either (or both) of the fol- 
lowing ways: 

(1) By direct radiation from the disturbing device. 

(2) By indirect radiation from the power supply line or 
some other circuit which has picked up the disturbance. 

The first condition, that of '^direct radiation pickup,’^ is apt to 
occur if the disturbing device is located in the same building 
that the antenna installation is in. As shown in Figs. 30-4 and 
Fig. 30-7, even small electrical appliances can radiate disturb- 
ances to the lead-in wire if they are near enough to it. In apart- 
ment houses, the elevator motors and contactors which are usually 
in the elevator pent house on the roof radiate very strong dis- 
turbances which may be picked up directly by both the aerial 
and the upper part of the lead-in if they are near enough to it. 
Such prolific sources as diathermy machines (see Art. 30-30), 
large electric sign flashers, etc., cause the radiation of consideirf f 
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able interference energy which may be picked up directly by radio 
antennas over an appreciable area. 

The second condition, that of '^indirect radiation pickup^', is 
perhaps the most common one. The branch circuits of the power 
supply lines in a building may pick up disturbances, conduct 
them, and re-radiate them to a radio antenna system at some 
point a considerable distance away either in the same building 
or in some other building (see Fig. 30-4) . In rural districts, the 
elevated power supply line may conduct such disturbances for 
a considerable distance and re-radiate them to receiving anten- 
nas. The same is true for electric surface car lines, etc. Even 
double re-radiation may occur! A power supply line may con- 
duct disturbances and radiate them to another conductor such 
as a metal gutter or drain-pipe, a metallic roof, a stand-pipe, 
pipe lines and shafts, etc. The latter conductor in turn may re- 
radiate the energy to a receiving aerial or lead-in in the vicinity. 
The possibilities and ramifications of such re-radiation are so 
complex that they are often responsible for very perplexing in- 
terference situations which are encountered. Nevertheless, its 
importance and prevalence should he imderstood, for it is often 
the mysterious reason why an aerial located in a high position 
ostensibly free from all electrical devices and circuits is very 
noisy because it happens to be within a zone of disturbance re- 
radiated by a roof gutter, a metal roof, a metal flagpole, etc., in 
the vicinity. More will be said about this in Art. 30-58. 

Whenever an aerial is installed, it is good practice to use 
two or three insulators in series at each end. They should be 
separated about 12 inches from each other. This brings the end 
of the aerial wire no closer than 3 feet from its support. This 
is extremely important when the aerial is suspended from metal 
supports, such as iron pipe supports, vent pipes, etc., which are 
either driven into the ground or fastened to the metal frame- 
work or comice of the building. These metallic structures may 
be re-radiating interference from some other source and the re- 
ceiving aerial should be kept as far from them as possible, even 
though they may be necessary to support it, 

30-36. Interference Pickup by Component Parts of the 
Antenna Circuit. — ^It should be remembered that the ordinary 



inverted-I/ or T type antenna system consists of three parts. 
The horizontal portion is the aerial; the portion which leads from 
the aerial to the receiver is the lead-in; the portion leading from 
the set to the ground is the ground lead, or more simply, the 
ground. In ^'doublet^^ antenna systems there are only the aerial 
and the lead-in, no ^'ground” (as such) is used. In the ‘Verticah' 
antenna there are only the aerial wire and the ground, although 
strictly speaking, if the aerial is erected very high above the 
roof, a lead-in will be used to connect it to the receiver. 

In the majority of cases where interference is experienced, 
most of the electrical disturbance exists in the immediate vicinity 
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Pig. 80-24, — A typical example 
of an indoor aerial installed in a 
location full of interference. Both 
the indoor aerial, the lead-in and 
the grround wires run right through 
the strong interference zone and 
all of them pick up the disturb- 
ances. Noisy reception is bound 
to result. 


of the building due to electrical devices located therein, or to the 
electric light and power wiring in the building which radiates in- 
terference that has been conducted in from the outside. It is 
picked up by the lead-in and ground leads, and very often by the 
aerial as well. 

30-37. Interference Pickup by the **Ground*^ — ^The ground 
lead, and the ground itself, should come in for a great deal more 
attention by service men than they usually do. It should be 
remembered that in all antenna systems (except the loop and the 
doublet types) the ground lead alone may make quite a fair aerial 
— especially when the set is installed in an upper story of an 
apartment house so that the ground lead is high up from the ac- 
tual earth. (How effective an aerial the usual ground lead makes, 
may be checked in a minute by disconnecting the aerial lead-in 
and ground leads from the receiver, connecting only the ground 
lead to the Ant post of the set instead and tuning for a signal 
with the volume control full up). As soon as this is realized, 
the fact that the ground lead will also be affected by all interfer- 



^nce radiations from nearby electrical devices, the electric light 
wiring in the building, (and even water and gas pipes if they are 
acting as re-radiators of disturbance due to their being located 
close to interference-carrying lighting circuits at some point), 
follows naturally. The practice of running the ground lead 
to the plate of an electrical outlet for convenience should 

Fig. 30-25. — A typical ex- 
ample of an outdoor aerial in- 
stallation in which j^art of the 
aerial and the entire lead-in 
and ground leads are in the 
strong interference zone local- 
ized about the building. Since 
only a small proportion of the 
antenna system lies in a noise- 
free zone the signal-to-noise. 
ratio will be low and noisy 
reception will result. 

certainly be discontinued, for this connects the ground lead of 
the set directly to the conduit in which the electric light cir- 
cuit, alive with interference, runs. The set is really then using 
the main source of the interference as a ground lead — which is 
certainly not a pleasant condition to picture I 

Because of the foregoing conditions which may occur, the 

Pig. 30-26, — 
lengthening the 
aerial wire as 
shown here, of- 
ten improves the 
signal - to - noise 
ratio, for it adds 
more wire which 

f licks up signal 
mpulses but no 
nofse impulses, 
since it lies out- 
side of the inter- 
ference zone. 

^^ground’^ should be given some attention when noisy reception 
is experienced. In rural districts, perhaps the best ground ia 
one that is buried outside the house where it is dejSnitely away 
from all electric light wiring. Obviously, nothing will be gained 
by sinking a ground close to the point of exit of the electric light 
circuit, or even the water and gas pipes. A position at least 6 





to 10 feet from the building and clear of the foregoing pipes and 
cables should be selected if possible. Six to ten feet of rod or 
ordinary iron pipe driven down into the earth, or about fifty 
feet of bare wire (at least No. 14 gauge or larger) buried in a 
shallow trench will make a good ground. Of course it is not pos- 
sible to install such grounds in cities. The only thing that can 
be done in such locations when interference is experienced is to 
make a good ground connection (with a ground clamp) to the 
cold water pipe, or the steam pipe. The higher the connection 
is made in the building, the noisier the ground will be, for ail 
piping between this connection and the earth will be picking up 
interference. Tor this reason, the use of a doxiblet antenna (Art. 
30-48) is very advantageous when conditions of this kind are 
encountered, for no ground is necessary when it is employed. 
Therefore, all noise from this source is eliminated by its use. 

30-38. Interference Pickup by the Aerial,— If the location 
is ^'noisy'', an indoor aerial is the worst possible type to install, 
for, as shown in Fig. 30-24, the entire antenna system in such 
cases is located right in the interference zone. Naturally, ex- 
tremely noisy reception is bound to occur under such condi- 
tions. 

If an outdoor aerial is employed (an inverted-L type is shown 
here although the same holds true for a T type or a doublet) and 
is installed so that it is all within the interference zone, even 
more noise will result because of its greater pickup of both the 
signal and the noise due to its greater length. If only part of it 
is in the interference zone, as shown in Fig. 30-25, the signal-to- 
noise ratio will be improved, for there is now a portion of the 
aerial which picks up signals but does not pick up interference 
because it is out of the interference zone. 

When noise is experienced in an installation of this kind, it 
is very often possible to reduce it somewhat by simply lengthen- 
ing the aerial portion of the existing antenna (if it is possible to 
do so) provided the added section is certain to be out of the in- 
terference zone, as shown in Fig. 30-26. Now, since a greater por- 
tion of the aerial picks up signals, but comparatively little or no 
noise, the signal-to-noise ratio is improved. This should really be 
the first thing to try in cases where the noise is only moderately 



bad. In many cases, this simple expedient will convert noisy 
reception to satisfactory quiet reception on both the standard 
broadcast band and short waves. And, although 35 to 60 ft. 
aerials are commonly recommended, do not be afraid to try an 
aerial as much as 100 to 120 ft. long I Of course, lengthening 
the aerial will increase the capacity between it and the ground. 
This capacity acts as a small condenser across the primary coil 
of the antenna stage in the receiver, and may increase its natural 
wavelength to an undesired figure. In such cases, a small con- 
denser (which may be an ordinary midget tuning condenser hav- 
ing a maximxim capacity of 30 to 90 mmfd.) may be connected 
in series with the aerial lead-in wire close to the set. Putting 
this in series with the circuit reduces the effective antenna- 
ground capacity. Moderate background noise may also be re- 
duced greatly in some cases by the simple expedient of shifting 
the aerial to a different location, out of the interference zone, 
when this is possible. A method of actually locating the zone of 
minimum or no interference for this purpose will be explained 
in Art. 30-58. This zone may occur above, to one side of, or 
even below the location of the existing aerial in some cases. The 
lead-in should be kept free of metal gutters. The service man 
should not overlook these two simple expedients (lengthening 
the existing aerial so as to extend it out of the noise zone, and 
shifting it to a location out of the noise zone) in cases where 
only a moderate amount of interference is experienced. He 
should always keep in mind the important fact that the uerial 
portion of the antenna must be erected in a zone which is at 
least comparatively free of electrical disturbances. Unless it 
is, no elaborate noise-reducing lead-ins of any kind are going to 
completely eliminate the noise, for the aerial will still be picking 
it up. 

30-39. Interference Pickup by the Lead-In. — ^Assuming 
that noise pickup by the ^'ground^^ has been reduced to a low 
value and that the aerial has been erected in a noise-free zone 
(see Art. 30-58), the problem of the lead-in remains. The lead- 
in can be (and usually is) responsible for a great deal of the 
noise pickup — especially in apartment house installations where 
it must rtm right down for a considerable distance through the 



thick of the strong interference zone created by electrical appli- 
ances and by the network of electric light wiring circuits in the 
building. A glance at the conditions represented in Fig. 30-7 
(which are by no means exaggerated) should certainly enable the 
reader to visualize this condition. Even in a private dwelling, 
the lead-in may pick up a considerable amount of interference 
from these sources (see Fig. 30-4) not to mention interference 
from elevated power lines, surface car lines, etc., which may 
pass close by. This problem of interference pickup by the lead- 
in is solved in practice by: 

arranging the lead-in so that it is impossible for it to transfer 
to the receiver any interference which it may pick up. 

In other words, if the aerial can be located in a zone which is 
reasonably free from man-made electrical disturbances, and if 
the lead-in can be so arranged that even though it runs through 
the noise-infested area it does not transfer to the receiver any of 
the disturbances which it may pick up, then, assuming that the 
ground is also reasonably free from noise (if it is not possible to 
get an interference-free ground, a doublet aerial may be used, for 
it needs no ground at all), satisfactory noise-free reception (so 
far as the entire antenna system is concerned) should be obtained. 
Several practical lead-in arrangements which are designed to 
accomplish this result will now be described. 

30-40. The Shielded Lead-In for Noise Reduction. — 
When we speak of preventing electrical disturbances from af- 
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Fig. 80-27. — Rubber-Jacketed 
shielded low-capacity single-con- 
ductor cable for use as a infelded 
lead-in wire. 


fecting a conductor, the first thought which naturally comes to 
mind is that of electrically shielding the conductor from the dis- 
turbance by surrounding it with a shield or screen of conducting 
material. This idea has considerable value when applied to the 
lead-in of a standard broadcast-band receiver (but it is not satis- 
factory for short wave or all-wave receivers, as we shall see pres- 
ently) , and has been used to some extent in receiver installations 
of this kind where annoying interference has been experienced. 


The entire lead-in right from the aerial to the Ant. post of 
the receiver is made of single stranded copper wire which is sur- 
rounded by (though insulated from) a low-resistance closely- 
woven braid of tinned copper which shields it effectively. In 
the better grades of shielded lead-in the entire conductor and 
shield is jacketed by a waterproof outer covering of rubber which 
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Pig. 80-28. — (A) The various capacities which exist between the 
aerial, ground, lead-in and shield in a shielded lead-in antenna system. 

(B) How the lower end of the shield may be connected to ground 
through a resistance (or choke) to reduce local oscillations of noise 
current in the shield circuit. 

protects the shield from moisture and corrosion. A wire of this 
kind is illustrated in Tig. 30-27. 

It is evident that the 20 or more feet of metal shielding (de- 
pending upon the length of the lead-in) surrounding the central 
lead-in wire may act as an independent receiving aerial which 
will pick up both signals and electrical disturbances (mostly the 
latter). Furthermore, this 20 or more feet of metal shielding 
surrounding the central lead-in wire and separated therefrom by 
rubber insulation (which is a good dielectric having a dielectric 
constant of about 3) forms a ^'condenser'^ of appreciable cap- 
acity, C, distributed along the entire length as shown at (A) 
of Tig, 30-28. This shielding also has a capacity, C$, to ground, 
and the aerial wire has a capacity, C®, to ground. These are all 
shown in the illustration. The equivalent electrical circuit which 
results is shown at (A) of Tig. 30-29 where A represents the lead- 


in iS represents the shield and L is the primary of the antenna 
coil in the receiver. Keeping in mind the fact that signal voltage 
is induced in the aerial wire and both noise and signal voltage is 
induced in S, it is evident that we have here two possible oscil- 
lating circuits, each one having its own natural resonant fre- 
quency determined by its inductance and capacity. One of 
these circuits consists of the aerial (in which the signal voltage 
is induced), C®, the ^^ground^', and I/, as shown at (C) of Fig. 
30-29. Notice that the signal current flows through the receiver 
coil when it oscillates in this circuit. The other oscillating cir- 
cuit consists of S (in which the noise voltage is induced) , C, A, 



L, the '*g^ound'^ and C*, as shown at (jB). Notice that since 
receiver coil L is also in the path of the noise orirrent which will 
flow through this latter circuit, the effectiveness of the shield in 
eliminating noise pickup is greatly reduced. These interfering 
oscillating currents can be suppressed by grounding the shield 
at both ends as shown in Fig. 30-31 (and at intemaediate points 
along it if possible) so that its entire length will be maintained 
at as nearly ground potential as possible. Since it is usually very 
inconvenient to make such a ^'ground” connection to the top end 
of the shield in actual installations^ most manufacturers of shield- 
ed antenna kits resort to a different method of accomplishing 
the same result. The shield is grounded at the receiver end only, 
and a high resistance is connected in series with this ground lead 
(as shown at (S) of Fig. 30-2^). Connecting thifl resistance in 
this way has the effect of introducing it directly in series with 
the oscillating circuit formed by the shield, antenna coil and 
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ground, as shown at (D) of Fig. 30-29, and it therefore sup- 
presses the noise currents in this circuit. In some cases, a suit- 
able r-f choke is used instead of a resistor for this purpose (see 
Fig. 30-30). Unfortunately, this resistance also reduces the ef- 
fectiveness of this ground con- 
nection to the shield in by- 
passing the inductive interfer- 
ence currents to ground, but 
in actual commercial shielded 
antenna kits some sort of 
compromise is attempted be- 
tween these two conflicting 
conditions by using a com- 
promise value of resistance 
or choke. 

Now if the simple shield- 
ed lead-in which we have con- 
sidered thus far is installed in 
this way (so that it connects 
the aerial directly to the in- 
put circuit of the receiver) re- 
ception will be found to be 
quite poor. First, since the 
capacity between the lead-in 
wire and shield (capacity C 
in (A) of Fig. 30-29) is ap- 
preciably large for a long. ^0-80.— How impedance-match- 

f ® transformers are connected at 

length of lead-m, and since both the aerial and the receiver end 
the shield is grounded, a con- of shielded lead-in. 

siderable amount of by-passing of the high-frequency signal to 
ground will result. A study of (B) in Fig. 30-29 reveals that 
the capacities C and C, in series really shunt the primary of 
the antenna coil in the receiver. Since C, is appreciably large, 
its shunting effect is appreciable — especially for high-frequency 
signals. Viewed from another angle, the impedance of a line of 
large capacity is small, and when it is connected to the relatively 
large impedance of the aerial at one end and receiver at the 
other end, the transfer of energy to the receiver will be small. 





"1 

A.J 


TO ANTENNA POST 
OP RECEIVER 


►.“6 ROUND* P06T OF RECEIVER 



It will be xeealled that, in any system, maximum power is 
tranisf erred when the impedance of the source is equal to the 
impedance of the circuit it feeds into (whatever it may be). 
In our case, the impedance of the aerial is very high compared 
to the impedance of the shielded lead-in, so that an impedance- 
matching transformer must be inserted between the aerial and 
the lead-in line. This transformer may be of the auto-trans- 
former type as shown in Fig. 30-30, or it may be of the two- 
winding (separate primary and secondary) type. In either 
case, the primary winding of the transformer is designed to 
match the impedance of the aerial circuit to which it connects, 
and its secondary is designed to match the lower impedance of 
the line (the shielded lead-in to which it connects). Thus it 
really steps down the signal voltage of the aerial and increases 
the current in proportion (less the losses) so that the signal 
power may be transmitted through the lead-in at low voltage 
and higher current (the total signal power would remain un- 
changed if it were not for the losses which occur in the trans- 



Fia. 80 - 81 ^ — Method of installing a shielded lead-in for broad- 
cast-band reception only. Impedance-matching transformers are con- 
nected at both the aerial and receiver ends of the shielded llid-in 
wire. The ahield is grounded at each end. The ground to the upper 
end may be conveniently made to a metal roof gutter or leader in 
many cases. 

former). Transmitting the signal power at this lower voltage 
results in less loss in the inefficient condenser formed by the lead- 
in, the shielding and the rubber insulation between them (since 
the power lost in any condenser increases greatly as the voltage 
is increased). At the receiver end of the shielded lead-in, the 
impedance of the line must be matched to the higher impedance 



of the input circuit of the receiver so that the signal power may 
be transferred to it efficiently. Therefore another transformer (a 
step-up type) whose primary matches the impedance of the 
shielded lead-in and whose secondary matches that of the re- 
ceiver input circuit as closely as possible, is used at this end, as 



Fig. 30-82, — Equivalent electrical diagrams showing the elPect 
of the impedance-matching^ transformer on the by-passing action of 
the lead-in-to-shield capacity of the shielded lead-in. 


shown in Fig. 30-30. Under these conditions, the entire system 
is matched so far as impedance is concerned. 

In terms of voltage and current, the antenna transformer 
reduces the voltage developed in the aerial to a low value and 
increases the current in proportion. The receiver transformer 
steps up this voltage again by transformer action and reduces 
the current. The effect of the ideal shielded lead-in system, 
then, is to virtually place the radio set up on the roof where the 
aerial is located, and if the aerial is in a substantially noise-free 
area, no noise should be heard. In practice, this will be true 
only if any signal or noise which the shielded lead-in picks up 
is effectively prevented from affecting the receiver input circuit, 
and if the transformers are designed correctly to keep the im- 
pedances matched. The arrangement of the aerial, shielded lead- 
in and the aerial and receiver impedance-matching transformers 
in a receiving installation of this kind is shown in Fig. 30-31. 
These transformers are really radio-frequency transformers and 
are ordinarily made of coils wound in either ^'scramble*^ or “uni- 
versal^^ manner. When purchasing kits of parts for shielded 
lead-in antennas, the service man should be careful to avoid those 
tsrpes which have excessive losses at certain signal frequencies, 
and also those whose antenna impedance-matching transformer 





is improperly weatherproofed to stand exposure to rain, extreme 
changes in temperature, humidity, etc., without deterioration. 

Since impedance-matching transformers are so commonly 
used in noise-reducing lead-in systems, it will be well at this 
point to show why the capacity between the lead-in wire and 
its shield does not have so much by-pass action when it is term- 
inated by a low impedance. 

Consider the circuit shown at <A) of Fig, 80-32. A high-fre- 
quency voltage, JE7, of 100 volts is impressed across a resistance, 

of 10,000 ohms and a capacity, C, whose reactance at the im- 
pressed frequency is 10 ohms. The current through B is simply 
100/10,000 = 0.01 ampere, and that through the condenser is 100/10 
equals 10 amperes. It is clear, then, that under these conditions the 
impedance of the condenser is so low compared to that of the resist- 
ance (this could also be an inductance) it is connected across, that 
it takes nearly all of the current that flows from the source of voltage. 

Now suppose that the source voltage be stepped down by a trans- 
former so that the voltage applied to the circuit is now only 1 volt 
(as shown at (B) of Pig. 80-82) ; the transformer ratio required to 
reduce this voltage is 100-to-l (step down). But the impedance Is 
now reduced according to the inverse square of the transformer ratio, 
so that the 10,000 ohms now looks like 1 ohm, but the capacity remains 
the same, because it is connected after the transformer. The current 
through B is now 1 ampere, and that through the condenser is 0.1 
ampere. Hence, the capaaity current is now but a fraction of the 
total current, whereas previously it represented nearly all of the total 
current. 

The same circuit and reasoning applies to the antenna system just 
described (see Fig. 80-80). The applied voltage, F, is that generated in 
the aerial by the signal, B may be considered as the impedance of the 
aerial, and C is the capacity of the shielded cable. The impedance- 
matching transformer reduces the voltage applied to C, so that a 
smaller proportion of the total current flows through it. At the 
receiver end of the line, the reverse takes place, and the voltage Is 
stepped up to the required value. In an actual line, of course, in- 
ductance, resistance and capacity are present, so that the conditions 
are somewhat more complicated than presented here. However, it 
shows definitely whjr it is necessary to match the impedance of the 
aerial to the lower impedance of the shielded lead-in and to match 
the latter to the higher impedance of the receiver input. 

The example presented here did not match the impedances, but 
made them unequal in the opposite sense. This was done to empha- 
size the effect of varying the impedance connected across a fixed cap- 
acity. In fact, though maximum power would not foe transferred 
by the system shown here, reflections would occur from one end ot 
the line to the other creating standing waves, and the system would 
be unbalanced unless the receiver were connected to very definite 
points along the line. In actual practice, it is essential that the 
impedances he really matched. 

The main difficulty with the shielded lead-in type of noise- 
reducing system is that the non-adjnstable impedance-matching 



transformers can effectively match the impedances over only 
a comparatively narrow band of signal frequencies (unless vari- 
able controls are to be added at the two impedance-matching 
transformers, which of course is impractical). These transform- 
ers can be designed to work fairly efiiciently over the limited 
standard broadcast band of frequencies from 640 to 1,600 kc, 
and a number of satisfactory units of this kind are on the mar- 
ket. In most of these, the winding which connects to the input 
circuit of the receiver is tapped (see Fig. 30-30) so that the full 
winding (tap ^/i) may be used if the set is of the type having a 
high-impedance input and only part of the winding (tap At) is 
used if the set has a low-impedance input circuit. This makes 
better impedance matching to both types of receivers possible. 

Unfortunately, the difficulties involved have prevented the 
development of suitable impedance-matching transformers 
which will work efiiciently over the large range of frequencies 
covered by the short wave as well as the standard broadcast 
ranges. Severe line losses drastically cut down the signal in- 
tensity if this is attempted. It is for this reason that the shielded 
lead-in type of noise-reducing antenna system is suitable when 
only the standard broadcast band is to be received. It should 
not be employed if man-made interference picked up by the 
lead-in is to be minimized when either a short-wave or all-wave 
receiver is to be used. In such cases, one of the other systems 
which will be described shortly, should be used instead. Even 
in the case of standard broadcast band reception there is some 
loss between the receiver and the aerial. For the average case, 
about 30 to 60 per cent of the induced antenna voltage is lost 
in the transformers and lead-in. Of course, this loss can be 
tolerated if the interference is lowered to a far greater extent 
than the signal is, for then the reserve sensitivity of the receiver 
(most modem sets have an appreciable reserve) will make up for 
the increased antenna loss and give adequate volume with a 
lower background of interference. 

The lead-in wire of any inverted-L or T type antenna system 
(if it is unshielded) picks up signal voltage, especially from near- 
by broadcasting stations. However, after it is shielded, it be- 
comes merely a power-transmission line serving to connect the 
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aerial to the receiver. If it is a well-shielded lead-in, it no 
longer picks up any signal. Therefore, in cases where the un- 
shielded lead-in has been picking up an appreciable portion of the 
total signal received, a decrease in signal voltage will result when 
a shielded lead-in is substituted for it. To compensate for this 
elimination of the lead-in pickup, the horizontal portion (aerial 




Pig, 30-83. — Near the transmitting antenna, the radiated waves 
are almost vertical, as shown at (A). At sonae distance from the 
transmitting antenna the signals arrive at an angle, as shown at <B> , 
due to the fact that they have been reflected by the Kennelly-Heaviside 
layer- 


part) of the antenna should be made longer than it was when the 
unshielded lead-in was used. 

30-41. The Twisted-Pair Wire !Lead-ln for Noise Reduc- 
tion. — ^Another very simple type of noise-reducing lead-in which 
does not transfer to the receiver any of the interference (or sig- 
nal) which it picks up, consists essentially of a pair of twisted 
wires which connect the aerial to the receiver- A lead-in ar- 
rangement of this type is shown (without the aerial and re- 
ceiver) in Pig, 30-34. Note that it is merely a pair of vertical 
twisted wires in free space. 

Now let us see how the waves arrive at the receiving antenna. 
Near the transmitting station the waves are departing from the 
transmitting aerial in the manner shown at (A) of Fig, 30-33. 
They are mainly vertical (^'vertically polarized^O- The fronts 
of the waves are energized from top to bottom and hence are 
best received by a vertical (or partly vertical) wire. Now in- 
terference radiations come from nearby sources also, and a good 
part of these are also vertically polarized. Hence, we may say 
that both the radiations from interference-producing devices 
and those from loud local stations are both verUcally polaru&d 
and hence can induce voltages in a vertical wire. Signals from 
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distant stations are reflected from the Kennelly-Heavisid© layer, 
and approach the receiving aerial at an angle, as pictured at (B) 
of Fig. 30-33. Since this angle is usually very fiat, horizontal aer- 
ial wires are usually best for the reception of distant stations. 

A study of (A) of Fig. 30-34 shows that the vertically-polar- 
ized signal and noise waves induce voltage in the two wires of 
the twisted-pair lead-in. Since these wires are close together, 
the voltages Eji and Eg induced in them are equal and in phase 
with each other, so that their polarities are always similar. At 
one instant their polarities will be as indicated here, at the next 
both will be reversed, etc. It is important to remember that 
this is only true if the wires are very close together (close com- 
pared to the wavelength of the signal), so that both wires are 
being acted upon by the same part of the field (same phase) at 
the same time. Therefore, since the two lower terminals (that 
connect to the receiver) are both positive, and then both negative, 
simultaneously, there is never any difference of potential between 


Pio. 80-84. — How A ver- 
tical twisted-pair wire 
lead-in cancels any volt- 
es induced in it by any 
kind of a signal (including 
noise) provided it is ter- 
minated in a transformer 
winding in which the in- 
duced voltages Eji and Eg 
can balance each other out* 



(Ai 






them. Consequently, if they are connected to a coil, as shown at 
(jB), no current due to these voltages will flow in it, since current 
only flows between points which differ in potential. Another way 
of looking at it is to consider that the two induced voltages Ei and 
Eg being equal and acting in opposite directions in the coU at all 
times, cancel each other^s effects. 

This coil may be the antenna coil in the receiver or the prim- 
ary of a transformer connected between the lead-in and the re- 
ceiver. It makes little difference to the lead-in what kind of a 
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coil it is; the fact that no potential difference due to signal or 
noise pickup by the lead-in exists between the terminals of the 
coil prevents the flow of the noise current in the coil; hence, no 
noise voltage will be induced in another coil coupled to the first. 
Therefore, no matter what vertical wave induces a voltage in the 
lead-in, it cannot be transferred to the receiver or actuate the grid 
of the first tube in it because of the lack of potential difference. 
Since this type of noise-reducing lead-in depends for its action 
upon the balancing of the two induced voltages in it, and since it 
also acts as a transmission line to conduct the desired signal from 

Courtesy Lewc BUtt, Mfg. Oo. 

Fro, 80-36, — Left: A twisted-wire pair in which the wires ar® 
enameled and covered with a waterproof braiding. 

Right: A twisted-wire pair in which the conductors are encased 
in a rubber jacket to protect them from moisture, etc. This ia more 
suitable than the former one for use as a twisted-wiro lead-in. 

the aerial to the receiver, it is commonly called a balanced trans- 
mission line. 

A consideration of the action of the twisted-pair lead-in and 
the vertical polarization of both the interference impulses and 
the signals from nearby transmitting stations would lead us to 
conclude that a twisted-pair lead-in should be as vertical as 
possible if the interference induced in it is to be cancelled out. 
It may seem that if the lead-in is placed horizontally, no noise 
can be induced in it and hence none will be received. This 
statement is true under ideal conditions; but in practice, it is 
found that while noise radiations are mainly vertically polarized, 
at least a part of them may be horizontally polarized, i.e,, there 
may be a horizontal component. Furthermore, it is quit© difiicult 
to erect a lead-in that is not horizontal for at least some part of 
its length. 

The twisted-pair lead-in must be constructed of a high grade 
of twisted wire which has low losses and can stand the weather- 
ing action of sun, rain, wind, etc. Ordinary twisted-pair tele- 
phone wire or lamp cord does not meet this requirement. One 
prominent manufacturer of noise-rcducing antenna kits employ- 
ing this type of lead-in uses stranded, tinned copper wire for each 



conductor. Each wire is insulated with high-quality submarine 
cable rubber and an outer covering of weatherproof braid. The 
wires are twisted closely. Another uses two conductors of 
wire, each wrapped with a very thin specially prepared cambric 
cover, impregnated with an insulating varnish. These twisted 
conductors are protected by a heavy moisture-proof casing of 
high-grade rubber. Two representative types of wire for twisted- 
pair lead-ins are illustrated in Fig. 30-35. 

30-42. The Twisted-Pair Lead-In With An Inverted-L 
(or T) Aerial. — ^If an inverted-L type aerial is to be used with 
a twisted-pair lead-in for minimum lead-in pickup of interfer- 
ence, the upper end of the lead-in may connect to the aerial wire 
in the way shown in Fig. 30-36. One wire of the lead-in connects 
to the aerial wire at point D, and the other wire, A, is either 
connected to a short length of the aerial support wire (between 
insulators) merely to support it as shown, or it may be left en- 
tirely unconnected in space. The same type of connection may 
be employed if a T aerial is used. Thus, only one lead-in wire is 
effective in carrying down the signal from the noise-free hori- 
zontal aerial section, and the other is merely used to cancel 
noise picked up by the lead-in, as previously described. With 
the free wire removed from the system, the aerial is simply the 

Fig. 80-86.— Method of 
connecting a twisted-wire 
lead-in to an inverted-L 
(or T) type aerial. One 
end, At of the lead-in is 
either left entirely uncon- 
nected, or it is connected 
to a short section of the 
aerial guy-wire for sup- 
port. 

ordinary inverted-L (or T) type used by so many millions of 
radio owners. With the second section of the lead-in present, 
any noise voltage picked up by the lead-in is concelled in the 
coil connected to the bottom end, and if the horizontal aerial 
section of the antenna is in a noise-free zone, reception will be 
comparatively free from noise disturbances (provided the cir- 




ouit is exactly balanced, and no disturbances reach the receiver 
by any other path). 

The question of ''best aerial length'' always arises in the in- 
stallation of an inverted-I/ antenna. How long should the hori- 
zontal "aerial" portion be made for best results? The answer 
to this question depends to a large degree on whether the an- 
tenna is to be used for general all-wave reception with a com- 
mon all-wave receiver, or whether 
it is desired to construct the anten- 
na so that it will receive some par- 
ticular frequency best (perhaps it 
is desired to arrange the antenna to 
be most eflScient at the frequency 
of a certain distant station it is 
particularly desired to receive, or 
it is to be used by an amateur to 
receive desired signals on a certain 
band best, etc.) . If the antenna is 
to receive best on a particular fre- 
quency (such as for communica- 
tion purposes on 20, 40, 80 or 160 
meters as used by amateurs), the 
choice of the length of the aerial 
portion is rather important. In 
such instances the most suitable 
length (in meters) is one half of the actual wavelength on which 
the amateur desires to transmit and receive. 

For use in connection with all-wave receivers, a compromise 
must be made since the frequency band to be covered is very 
large. One compromise is to make the length of the aerial por- 
tion of the antenna equal (in meters) to om^half the length of 
the shortest wavelength it is desired to receive, if the antenna 
is an inverted-l/ type. If it is a doublet type, it is well to make 
a double-doublet out of it, as explained in Art. 30-66, in order to 
cover the large frequency range efficiently. A doublet antenna 
receives best those signals which have a wavelength equal num- 
erically to tunce the total length (in meters) of the two wires 
which form the horizontal portion of the doublet. The inverted-I# 



Fig. 80-87. — Circuit ar- 
rangement of an antenna 
system having a twisted-wire 
lead-in. The method of con- 
necting the two impedance- 
matching transformers 
and Tg, and the electrostatic 
shield S is shown. 



type antenna receives best those signals whose wavelength is 
equal numerically to twice the length (in meters) of the hori- 
zontal aerial portion. 

As an example of how a typical calculation for the length of 
aerial wire to use in these special cases is carried out, let us con- 
sider the inverted-L antenna shown in Fig. 30-36. The overall 
length of the aerial wire should be equal to ^ the wavelength 
of the particular frequency it is desired to receive best. Thus, 
to receive a 49-meter station with best results, the length of 
wire used should be 49/2 or 24.5 meters. And since there are 
about 3.3 feet in a meter, the wire length should be 24.5 X 3.3, 
or about 80 feet. But when the length is made 80 feet, the imped- 
ance of the line may not match that of the aerial, so that another 
impedance-matching transformer T, must be connected between 
the aerial and the transmission line, as shown in Fig. 30-37. 

Whether one or two transformers are used depends upon the 
design of the individual system. The general principles, though, 
are common to all, especially regarding the placement of the 
aerial portion of the antenna in a zone as free from interference 
as possible, etc. 

One of the main troubles with these simple antenna systems 
is that unless a switching arrangement is used (see Art, 30-47) 
good impedance matching can only be effected over a fairly nar- 
row band on either side of the frequency for which good match- 
ing occurs, so that the response of many of these noise-reducing 
systems falls off considerably at some signal frequencies. Obvious- 
ly, maximum response can only be secured on certain frequencies, 
but good response will be obtained on many of the harmonics of 
these frequencies. The response at a harmonic frequency is less 
than that at the fundamental frequency of the aerial, but despite 
this it may still be fairly strong at the harmonic frequency. 

For example, suppose a half-wave antenna is constructed, 
and let the length of the aerial be 58 feet. Converted into meters 
and then into frequency, the response of the system will he best 
at about 8 megacycles. For signals of higher frequency, the 
response of the system falls off gradually and then starts to rise 
again, and another peak will occur at 24 megacycles (the third 



harmonic of 8 megacycles) ; another peak will also occur at 40 
megacycles, (the fifth harmonic), and so forth. 

Under normal conditions, a T or inverted-L type antenna 
is desirable for use mainly on the broaclcaat band and also the next 
lowest band, commonly referred to as the “police bancr’. Below 
this, a grounded antenna system is not efficient unlesB seimrate 
antennas cut to proper length for optimum reception are used for 

each short-wave band. This, of course 
is not practical for an average all-wave 
home receiver. “Doublet'^ or “doiible- 
doublet'^ antennas possess advan- 
tages for this class of receiver opera- 
tion, as we shall see in Art. 30-55. 

30-43. The Impedance-Matching 
Transformers. — The use of a twisted- 
wire lead-in from the aerial to the 
receiver for noise reduction is simple, 
but is not without some practical diffi- 
culties. The lead-in has a certain im- 
pedance. The further apart twisted 
wires are, the smaller is the capacity 
between them, and the higher is the 
impedance of the line. The size of the 
wires and the length of the lead-in also affect its iinpodance. If 
the lead-in (more technically called the transmumon line) is long, 
then the impedance of the line must be taken into consideration. 
For best results, the impedance of the aerial must match that of 
the line at the aerial end, and the impedance of the line must 
match the impedance of whatever it is connected to at the receiver 
end. If the impedances are not properly matched, maximum 
si^al power cannot be transferred from the aerial to the re- 
ceiver, and the transmission of the signal from the aerial to the 
receiver will not be uniform at all frequencies. 

The usual method of matching the impedances for a twisted 
lead-in (or a transposed lead-in) is by the use of a properly de- 
signed transformer, at the receiver, as shown in Fig, 30-37A, A 
transformer at the aerial end of the twisted-wire lead-in is not 
generally required if a commercial kit of antenna parts is em- 



Fig. 30-87A. — How the 
Impedance-matching trans- 
former is connected be- 
tween the twisted-wire 
transmission line and the 
receiver. S' is the elec- 
trostatic shield. 



ployed, for these are designed so that the piece of twisted wire 
lead-in furnished in the kit has an impedance which effectively 
matches that of the aerial sufficiently closely. It is for this reason 
that the lead-in wire which is furnished with these kits shoiUd 
not be cut to the exact length actually needed for the installa^ 
tion; the total length of lead-in which is supplied in the kit 
must be used. If any of this is excess, it must be coiled up and 
tucked away at the receiver. In such cases, since the impedance 
of the lead-in already matches that of the aerial, it is only neces- 
sary to use an impedance-matching transformer at the receiver 
end to match the lead-in impedance to that of the input circuit 
of the receiver. If more wire than the 
supplied length is required, only defin- 
ite multiples of the original length 
supplied can be used, as we have seen 
in Art. 30-42. 

30-44. Static Shield in Imped- 
ance-Matching Transformers. — The 
mere presence of a transformer at the 
receiver end of the twisted (or trans- 
posed), lead-in does not necessarily 
eliminate the noise voltages by can- 
cellation because if the system is not 
balanced and there is capacity coup- 
ling between the primary and secon- 
dary of the transformer the disturb- 
ances will be transmitted to the re- 
ceiver through that capacity. Let us 
see why this is so: 

Referring to Fig. 30-38, if appreciable capacity, C, exists be- 
tween the primary and secondary windings of the impedance- 
matching transformer, then the noise voltage appearing across 
the primary will induce an equal and opposite voltage across 
the secondary by electrostatic induction. No noise would be heard 
if the entire antenna system were perfectly symmetrical from the 
aerial right down to the input coil in the receiver. If the system 
is not exactly symmetrical (and it hardly ever is in practice), 
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Fio. 80 - 88 . — ^How noise 
voltage appearing across 
the primary of the re- 
ceiver impedance-match- 
ing transformer may in- 
duce noise voltage in the 
secondary winding if ap- 
preciable capacity, C, ex- 
ists between them. 



some slight interference noises will be beard, but they will usually 
not be very strong. 

If a grounded electrostatic shield, /S, is interposed between 
the primary and secondary windings, it serves to reduce the 
capacity between these two coils to a low value — almost jsero if 
possible. This prevents the capacity coupling from transmitting 
the noise to the secondary. The shield must be so constructed, 
however, that it permits magnetic coupling between the two 
coils so that the signal curent flowing through the primary can 
induce signal voltage in the secondary by electromagnetic in- 
duction. Hence its name — electrostatic shield* This shield us- 
ually consists of a piece of thin sheet copper or copper-foil mak- 
ing slightly less than a complete turn around the primary 
winding. 

30-45. Constructing an Impedance-Matching Transformer 
for a Twisted-Wire Lead-In. — ^It is possible for the service 
man to construct his own impedance-matching transformers to 
be used between a twisted-wire lead-in and the receiver when 



Pig. 80-39. — Construction details of an efficient Impedance-match^- 
ing transformer to be connected between the twl»ted-wire lead-in and 
the receiver. 


an ordinary inverted-I/ type antenna is employed, and operation 
over the standard broadcast band only is desired. The unit 
about to be described is suitable for us© with a twisted-wire 
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lead-in about 50 feet long. Its construction is illustrated in 
Fig. 30-39 and its circuit diagram is shown in Fig. 30-40. In- 
tensive tests by one ol the large receiver manufacturers have 
shown that when it is used with an ordinary twisted- wire lead-in, 
the noise picked up in the lead-in is reduced by 55 decibels, 
while signals picked up by the aerial are attenuated a maximum 
of only 9.5 db. at 1,500 kc and 5.0 db. at 560 kc (a receiver 
having an overall gain of 114.0 db. was used in the tests). Thus, 
the reduction of noise picked up by the lead-in is very great, 
while the attenuation of the signals is small — over the standard 
broadcast band. The construction data for this unit is presented 
here by courtesy of H. J. Adler its designer, and Hadio Kews 
Magazine, in which it was first described. 

It corisiatfl of a %-inch diameter wooden or cardboard form IH- 
inches long on which the primary and secondary are wound. Tho 
secondary Is wound on it first, and consists of 460 turns of No. 88 
enameled wire. The winding len^h of this coil is 1-inch, so that sev- 
eral layers are required; each layer should bo insulated from the 
adjacent one by waxed or ^'glassine'' paper about 0.001-inch thick. 
Both secondary leads should then be taken from one end, as shown 
in the sketch of Fig. 80-89. When the secondary is finished, wind 
an insulatinsr layer of paper over it; the thickness of the paper being 
about 0.003-inch. The electrostatic shield is placed on next! It con- 
sists of a strip of tin or copper foil, 1% -inches wide and just long 
enough so that the two ends will just miss meeting by 1/18-inch; in 
other words, wrap the foil around 1/16-inch less than one turn. If 
the two edges of this shield should touch, a low-resistance short- 
circuiting turn of ccjpper will be formed. This will absorb most of 
the energy and the transformer will be useless. Solder a lead to tbe 
shield as shown. Over this shield is placed another layer of insulating 
paper 0.008-inch thick, and the two primaries are then wound- Bach 
primary winding consists of 76 turns of Ko. 88 enameled wire. The 
two windings must be identical and equidistant from the center of 
the form, as shown In the sketch. Wind each primary coil, starting 
from the center and working toward the end; each primary will 
take slightly over one layer. The primary leads should be brought 
out as shown. When finished, each primary coil will have an in- 
ductance of 100 microhenries and the secondary an Inductance of 
8,000 microhenries; the coupling between primary and secondary 
will be approximately 06%. The method of connecting the coil in 
the antenna circuit is shown in Fig. 80-40- It is important to keep 
the primary leads well shielded from the secondary leads to prevent 
capacity coupling between them. 

Primary when tuned by tbe antenna capacity, resonates 
within the broadcast band, making It necessary to place a 100 
mmfd. condenser, in series with it ♦ C|f which is semi-variable is put 
in the other lead to make both circuits symmetrical. With the above 
values and on an average antenna, and Z, will resonate at about 
1,800 kc- Tbe adjustment of condenser is neither dependent upon 



the length of the lead-in, nor upon the capacity of the antenna* 
In adjusting the system, connect the twisted- wire lead-in and 
the receiver to the transformer in the usual manner as shown 
in Fig* 30-40, but do not connect the far end of tiie transmission 
line to the aerial. Turn on the receiver and tune in a weak sta- 
tion, if possible. Then adjust On for minimum signal! Con- 


FiG. 80-40. — Circuit 
arrangement showing 
how the impedance- 
matching transformer 
of Fig. 80-39 is con- 
nected between the 
lead-in and the re- 
ceiver. Two conden- 
sers Cl and C, are 
connected in series 
with the lead-in. 



nect the aerial end of that wire of the transmission line which 
connects to Ci to the aerial, and the adjustment is finished. No 
further adjustments of Cm are required. 

30-46. Connecting Twisted-Pair Wire (and Transposed) 
Lead-Ins to Receivers. — ^After a noise-reducing lead-in is in- 



Fig. 80-41* — (A) How the antenna coil circuit of most ordinary 
receivers is arranged. 

(B) How the primary must be isolated from the ^'ground'' if a 
twisted-wire (or transposed) lead-in is to he connected directly to 
the receiver without any intervening impedance-matching transformer. 

stalled, it must be connected to the receiver in the proper manner 
if it is to work satisfactorily. The exact method of connecting 
either a twisted-pair wire or a transposed t3rpe noise-reducing 
lead-in to a receiver depends mainly on the type of input circuit 



which the receiver has. Several possible arrangements will now 
be considered. 

Most of the older standard broadcast-band receivers have 
one Ant. and one Gnd. post, connected as shown at (^) of Fig. 
30-41. The Gnd. post not only connects to one side of the prim- 
ary winding of the antenna coil in the receiver but also connects 
to the receiver chassis and grid-return circuits, as shown. Al- 
though this is not common practice, if a transmission line lead-in 
of either the twisted-pair wire or the transposed type is to be 
connected directly to a receiver of this type without the use of 
any intervening impedance-matching transformer, the primary 
winding of the receiver's antenna coil must be isolated from the 



Fig. 80-42. — How the twisted- 
wire (or transposed-wire) lead-in 
is connected to the type of re- 
ceiver input shown at (A) of Fig. 
80-41 when an impedance-match- 
ing transformer, T, is to be used 
between the lead-in and the radio 
receiver. 


ground, and the lead-in connected directly across it as shown at 
(B). The ground must remain connected to the rest of the re- 
ceiver circuit (chassis, etc.). To do this, locate the primary 
winding of the antenna coil in the receiver by tracing back from 
the Ant. and Ond. posts. Locate the end of this primary which 
is grounded, and break its ground connection. Bring this lead 
out to another terminal which is to connect to one side of the 
lead-in. The regular Ond. post can then be used for the ground 
connection in the regular way. If an impedance-matching trans- 
former is used between the lead-in and the receiver, the connec- 
tions are simply as shown in Fig. 30-42, No changes need be 
made in the receiver wiring in this case. 

Some of the older receivers are provided with one Ond. post 
and two Ant. posts. One is for use when a long antenna is used; 
fehe other is to be employed when a short antenna is used. The 



Long Ant. post connects to a tap on the primary of the antenna 
coil in the receiver, as shown at (^) of Fig. 30-43. If the lead-in 
is to be connected directly to the receiver with no intervening 
impedance matching transformer (this is not the common prac- 
tice), the primary winding should be isolated from the ‘‘ground^* 
and the Long Ant. post should be connected directly to the lower 
end of the winding instead of to the top. The lead-in is then 
connected directly to the primary coil, as shown at (B). If an 
impedance-matching transformer is to be used between the lead- 
in and the receiver, it should be connected to the receiver and 
the lead-in as shown at (C). In this case, no changes in the wir- 
ing of the receiver are necessary. 

Many of the recent all-wave receivers are equipped with a 
Gnd. post and two Ant. posts, but the latter are connected 



Fig. 80-43. — (A) Arrangement of the antenna coil in a receiver 
provided with LA. and S.A. antenna posta. 

(jB) How a twisted-wire or transposed-wire lead-in is connected 
to it if no impedance-matching transformer is to he used. The prim- 
ary of the antenna coil is isolated from the ground. 

(C) How the connections are arranged if an hnpedance-match- 
ing transformer is used between the lead-dn and the receiver* 

directly to the primary winding of the antenna coil which is 
isolated from the ^^ground^'. The circuit arrangenaent is already 
as shown at (B) of Fig. 30-41. Therefore, either a twisted-wire 
or transposed type noise-reducing lead-in with its proper im- 
pedance-matching transformer may be connected directly to 
these two Ant. terminals of the receiver without any necessity 
for chsngee in its wirjlng. 

The primary of the impe^ance-matcblng transformer may 
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(or may not) have a center-tap which is to be grounded. In 
the circuit arrangement shown in Figs. 30-42 and 30-43 no center 
tap is provided. In the ones shown in Figs. 30-37 and 30-40, 
the primary* has a center tap which is grounded. This merely 
places the center of the coil at the fixed potential of the ground 
and has no bearing on the operation of the twisted or transposed 
lead-in. In any case, the leads from the secondary of the im- 
pedance-matching transformer to the receiver should be made 
absolutely as short and direct as possible. The transformer 
should be mounted right close to the Ant. and Ond. posts of the 
receiver. 

30-47. Antenna Circuit Switching Systems for All-Wave 
Receivers. — ^When noise-reducing antenna systems are to be 
used with all- wave receivers, some means must usually be pro- 




FlG. SO-44. — Two typical switching systems for use with trans- 
mission-line aerial systems when they are applied to all-wave re- 
ceivers* In each case, T is the impedance-matching transformer con- 
nected between the lead-in and the receiver. 

vided to switch frona one frequency band to another (unless a 
special circuit arrangement such of the general type described in 
Art. 30-55 is used) , since the efliciency of the impedance-matching 
transformers used depends upon the frequency band covered. 
In other words, the usual system designed to cover the 540 to 
1,600 kc standard broadcast band will be hopelessly inefl&cient 
when used on, for instance, the 31-meter short wave band; 
therefore, some means must be provided to change the charac- 
teristics of the system, especially the impedance-matching trans- 
formers, to give as nearly equal efficiency as possible over the 




most important tuning ranges over which the receiver is designed 
to operate. 

The circuit at {A) of Fig. 30-44 is one type of switching sys- 
tem commonly used. Two s.p.d.t. switches Sx and S» are employed : 
with St on tap B and Sx on B, the transmission line is connected 
across the lower part of the coil for good impedance match over 
the broadcast-band from 500 to 3,500 kc; on position I and 
the entire coil is used for good impedance match when the 1,500 
to 6,000 kc short-wave band is employed; on position J and S, 
the transmission line is short-circuited and connected to the top 
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Pig. 80-45. — A simple "'doublet^' aerial. It is really a split 
aerial with an insulator at the exact center and a lead-in taken off 
from the inside end of each of the two sections. 

of the coil, giving best reception in the short wave band from 
6,000 to 15,000 kc. A total aerial length of approximately half 
a wave length is recommended with this system. The method 
of calculating the length of the aerial in feet was given in Art. 
30-42. 

The system shown at {B) of the figure is simpler to operate 
inasmuch as but two switch positions are available. The an- 
tenna used with this arrangement is of the double-doublet type 
(see Art. 30-55) and resonates in the important short-wave 
broadcast bands. With reference to this diagram, it is seen that 
with the switch thrown to the ‘*short-wave^^ position (iS-W), the 
connections, of the impedance-matching transformer, T, are stan- 
dard, except for the presence of resistor R. This resistor is con- 
nected from one side of the primary to ground, and serves to 
ground any static charges that may accumulate on the antenna 
system so that they do not spark to ground and cause disturbing 
periodic '"clicks'^ in the receiver. This resistor is not essential 
to the operation of the antenna as a collector of ^^noise-fre©^' 
signals, however. With the switch in the B-C position, the prim- 
ary and secondary connect together directly for standard-broad- 
cast band reception, and the antenna system functions practically 
as if the impedance-matching transformer, T, were not in use. 
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This system, therefore, only uses the noise-reducing lead-in ar- 
rangement on the short waves where interference from man-made 
electrical devices is much more severe than on the standard broad- 
cast band. On the standard-broadcast band, it uses the aerial as 
either an inverted-L or T type for good pickup, and the lead-in 
is not noise-reducing since it is no longer balanced. 

30-48. The Doublet Antenna. — Up to this point we have 
talked about antennas which employ a ground connection. Since 
Marconi first used such antennas they are commonly called 
Marconi antennas. These include the '^inverted-L,” "T,” and 
"vertical” types. There is another type of antenna which re- 
quires no ground connection whatever. Since it was first used 
by Hertz over half a century ago, it is sometimes called the 
Hertz antenna, although it is more commonly known as the 
doublet antenna, A "doublet” is merely a split aerial with an 
insulator at its exact center and a separate lead-in taken off 
from the "inside” end of each of the two halves, as shown in 
Fig. 30-45. Since it is most efficient in picking up those signals 
whose wavelength is equal to double the overall length of the 
aerial in meters (see Art. 30-42) it has been named the ‘'doublet”. 

If the two wires are erected horizontally we have a "horizon- 
tal” doublet. This is most suitable for receiving short-wave sig- 
nals from distant stations since the waves from these stations 
usually arrive in a horizontally-polarized state (see Fig, 30-33). 
This is the most common type of doublet. It also has an ad- 
vantage insofar as noise is concerned. Since noise comes from 
nearby sources and a good part of it is vertically polarized, it is 
not picked up as strongly by the horizontal doublet antenna as 
it would be by a vertical antenna. If the two wires are erected 
vertically, we have a "vertical” doublet. This is best suited for 
the reception of signals from nearby stations (due to the ver- 
tical polarization of the waves from these stations), although it 
is not as practical a form of antenna to erect as is the horizontal 
type. In any case, the two halves of a doublet should be of 
exactly the same length. 

As an instrument of signal pickup, the doublet does not differ 
much from the inverted-L type antenna. As a matter of fact, 
it may be looked upon as a tandem arrangement in which two 
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mTcrted-L types are used back-to-back instead of one, and the 
signal energy is collected from both. The service man should 
keep one point firmly in mind. The term '^doublet^' refers to a. 
specific type of aerial. This form of aerial in itself is in no way 
to be considered as a ^'noise-reducing'^ aerial any more than an 
inverted-L or T type aerial can be so considered. Unless it ia 
erected in a noise-free zone it will pick up noise disturbances 
just as well as it will pick up signals. The signal induced in 
each half of the aerial portion of the ^'doublet" antenna must 
be conducted to the receiver by a lead-in wire. If these lead-in 
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PlO« 80-46. — How 
the noise voltages in- 
duced in a parallel- 
feeder lead-in are can- 
celled out in the prim- 
ary impedance-match- 
ing transformer. The- 
signal voltages in- 
duced in the two- 
halves of the doublet- 
are additive. 


wires pass through a zone of man-made interference, they will 
pick up these disturbances, and noisy reception will result- Con- 
sequently, in such cases, some noise-reducing lead-in arrange- 
ment must be used with the doublet if quiet reception is to be* 
obtained. Three types of lead-ins may be employed for thia 
purpose. They are, the ^'twisted pair^' lead-in, the ^'parallel 
feeder^' lead-in and the "transposed^' lead-in. In either case,, 
the lead-in forms a balanced "transmission line". The construc- 
tion and operation of the twisted-pair lead-in, as well as the 
necessity for correct balancing and impedance matching when it 
is used, has already been presented in detail in Arts. 30-41 to 
30-46 inclusive. All that was said about it in these sections in 
connection with inverted-L or T type antennas also holds true 
when it is used with doublets. The other two types of lead-ins 
for use with the doublet will now be considered. 

30-49. The Doublet with a Parallel Feeder Lead-In . — If 
the two lead-in wires are connected to the doublet and run par- 
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allel and close to each other down through the noise area, the 
conditions are as pictured in Fig. 30-46. We shall assume that 
at a given instant a signal current is induced in the two aerial 
wires of the doublet in the direction shown by the solid-line ar- 
rows. Notice that this current is in the same direction in both 
aerial wires. It flows down through the left hand lead-in wire 
through the primary winding of either the impedance-match- 
ing transformer at the receiver, -or the antenna coil in the re- 
ceiver, and up through the other lead-in, following along its 
original direction through the right-hand half of the aerial. The 
path and direction of this current flow is shown by the solid-line 
arrows. Naturally, any noise pickup by the aerial wires will 
flow through this same path and be heard in the receiver along 
with the signal. If the aerial is well located, the noise impulses 
will be very weak compared with those of the signal i.e., the sig- 
nal-to-noise ratio (see Art. 30-13) is high. 

Since the noise radiations sweep across both parallel lead-in 
wires, if they are separated the proper distance apart from each 
other 80 that the noise voltage induced in them is sensibly of 
the same phase, this noise voltage will be in the Bame direction 
in each wire (as shown by the dotted-line arrows) ; furthermore 
the same amount of noise voltage will be induced in each wire. 
These noise voltages meet in the primary of the impedance- 
matching transformer and neutralize each other. Therefore they 
produce no sound in the receiver if the primary winding is prop- 
erly shielded electrostatically from the secondary (see Art. 
30-44) . Of course, any signals picked up by these lead-in wires 
are also cancelled out and are not heard in the receiver. Under 
these conditions the parallel lead-ins form a balanced transmis- 
sion line or '^noise-reducing lead-in”. 

In practice the lead-in wires must be separated by numerous 
insulators (one about every 15 inches) to keep them the proper 
distance apart. Notice that the system operates as a "bal- 
anced” transmission line only as long as the two wires are so 
spaced apart that the noise voltages induced in them are exactly 
in phase with each other. If one wire were to have induced in it, 
a stronger noise voltage impulse than the other, it would force 
a noise current to flow through the primary winding against the 
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bucking action of the weaker impulse induced in the other wire, 
and noise would be heard. To avoid this, the leads should be 
run very close together so that the noise voltages induced in 
them are sensibly in the same phase and of the same strength. 
However, there is a limit to how close they may be run, for if 
they are too close together, the capacity betwee n them will be 
increased so much that losses will occur. As a compromise, the 
leads are generally spaced about 3-inches apart. These conflict- 



Fio. a 0-47.— Action 
of a transposed lead- 
in. Th© illustration 
at (A) shows how 
out'-of -phase noiae po- 
tentials are cancelled 
within th© lead-in 
wires themselves. 
That at <B> shows 
how in-phas© noise po- 
tentials are cancelled 
in the primary of th© 
impcdanco - matching 
transformer T at th© 
recei ver. 


ing conditions, and the necessity for a variable spacing of the 
wires if reduction of the noise over the whole standard broad- 
cast and short wave band is to be achieved, make this type of 
lead-in impractical for use with all-wave receivers. It finds Its 
greatest use in the transmitting aerials of amateurs, where the 
correct spacing for the single frequency on which the station is 
to be operated is easily calculated and obtained. 

30-50. The Doublet with a Transposed I/ead-In.— The 
transposed lead-in eliminates some of the practical difficulties 
that are encountered with the parallel-feeder lead-in. Instead 
of running the two wires parallel throughout their entire length, 
they are transposed or crossed every two or three feet, as shown 
in Fig. 30-47. By arranging them in this way, the directions of 
whatever voltages are induced in them {signal or noise voltages) 
are such that they cancel either in the lead-in or the transformer. 
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There are two possible conditions of operation of a trans- 
posed lead-in- In the first case the frequency of the radiations 
and the spacing of the wires may be such that the two sides of 
the line lie in fields of opposite phase and will therefore have 
noise voltages of opposite phase induced in them. Thus, if all 
the voltages induced on the right-hand transpositions are in a 
downward direction as shown at (id) of Fig. 30-47, all the volt- 
ages induced on the left are upward at 
that instant, as shown. If we consider 
either of the wires alone, we can see that 
since Ex ib equal and opposite in direction 
to Es, Efi is equal and opposite to Ea, 
etc., the voltage induced in each trans- 
position of each wire cancels that induced 
in the next transposition since it is equal 
and opposite to it. Consequently, all the 
induced voltages in each wire cancel each 
other and the potential at the ends of the 
two wires {bo far as any induced voltage 
in them is concerned) is zero. 

Under the second condition of opera- 
tion, the spacing of the wires may be very 
small compared to the wavelength of the 
radiations. In this case, the induced volt- 
ages in both sides of the line are in the 
same direction and equal each other, as 
shown at (B) of Fig. 30-47. Thus B; == B, = B, = B|, etc. In 
this case, the total voltage induced in each wire bucks and neutral- 
izes that induced in the other wire. This neutralization takes place 
in the primary winding of the impedance-matching transformer, 
at the lower end, as shown. Consequently, in this case also, no 
induced current flows, but now it is because the potential differ-^ 
ence between the corresponding ends of the transposed wires is 
zero. Consequently, the transposed lead-in provides a form of 
lead-in which picks up neither signal nor noise (so long as it re- 
mains balanced), even though it passes through a strong noise 
zone. It serves merely as a noise-free conducting path to lead 
the signal currents from the aerial wire down to the receiver. 



of a typical trans- 
posed lead-in with 
transposition blocks 
In position. 
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30-51. Use of Transposition Blocks. — Separation of the 
wires and transposition is conveniently' accomplished by means 
of special blocks of insulating material such as pyrex glass, iso- 
lantite, etc., as shown in Fig. 30-48. These are called trans-^ 
position blocks. They are nsually rectangular (or round) with 
four slots 90 degrees apart. The two wires therefore cross at 
right angles to each other and on opposite sides of the block. 
Hence, the capacity and leakage between them is kept small. 



Fia. 80-49. — ^How 
the leads of a 
transposed lemd in 
may be brought in 
through the win- 
dow to the Im- 
pedance - matching 
transformer T at 
the receiver, when 
the receiver la near 
the window. The 
wires to the re- 
ceiver may be 
twisted if the dis- 
tance is short. 


The allowable distance between the transposition blocks depends 
entirely upon the intensity of the local interference in relation 
to the signal. 

In some locations, where the local interference is compara- 
tively light, it is possible to place the blocks as much as three 
feet apart. There are some locations where they should he placed 
as close together as 12 inches. When a transmission line is used 
to connect a doublet aerial, which is located some 200 or 300 
feet from a main highway in order to avoid automobile ignition 
interference, the blocks should be placed 15 inches apart for the 
first 100 feet, 24 inches apart for the next 100 feet, and 36 
inches apart for the remainder of the transmission line. This, 
of course, presupposes that the aerial itself is located in a 
noise-free area. 

30-52. Erecting the Transposed I#ead-In. — ^It is good prac- 
tice to keep a transposed transmission line at least 2 feet from 
the side of any kind of a building. This is particularly important 
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where the transmission line runs parallel to a portion of the build- 
ing. If the line crosses at right angles to the edge of a roof it can 
come within one foot of the building without any noticeable dis- 
advantage. The transmission line can be erected either in a 
straight line or it can be run at various angles if necessary. The 
transposed lead-in should be carried to a point as close to the 
receiver as possible. Where it enters the building, it is guyed 
to the building by means of 
insulators I and guy wires 
as shown in Fig. 30-49. 

Lightning arresters may be 
installed^ — one in each lead 
if desired. If it is incon- 
venient to continue the 
transposition where the 
lead-in runs within the 
house to the receiver, the 
leads may be twisted to- 
gether (to form a twisted- 
pair) for a short distance 
——the shorter the better. couru»v moa ufa* o®. 

Mr. Arthur H. Lynch sug- sO-BO.-A typical kit of part, 

jgests that the easiest way for an all-wave double-doublet anten- 
to run a transmission line ^ twisted-pair lead-in. 

from the point where the transposed line enters the house, to the 
i-adio receiver itself, is by using ordinary N“o. 14 two-wire BX 
♦cable. This is the same type of wire that is used for electric 
house wiring. Many experts consider wire of this nature to be 
♦entirely unsuitable for transmission-line work. However, exten- 
sions of this character have been run several hundred feet into 
buildings without any noticeable loss in signal strength. 

Lines of this nature are very desirable for running the leads 
from an antenna to the receiver when the receiver is located in 
an apartment house, where the use of a regular transposed trans- 
mission line would be dijSicult. The ideal arrangement in apart- 
ment houses is to run the transposed transmission line to the 
level of the roof, and BX from the roof level to the receiver. In 
suburban locations, it is desirable to run the transposed trans- 
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mission line to the window nearest tlie location of tlu^ re<’(‘iver, 
and a short length of BX from there to the receiver itself, 

30-53* Connecting the Transposed Lead-In to the Re- 
ceiver. — If the receiver is of the all-wave type provided with 
input terminals for direct connection to a tlotiblet antenna, the 
transposed lead-in wires should be connected directly to these ter- 
minals. No impedance-matching transformer is uHtially recpiired 
at the receiver in this case. On the other hand, if the receiver 
has the conventional Ant, and Gnd. posts, an impedance-match- 
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Fig. 80-61. — In- 
dividual response 
curves (A and B) 
of each doublet, and 
the overall response, 
C, of both doublets 
together in the 
double-doublet sys- 
tem of Fig. 30-62. 
The lengths of the 
doublets as marked 
hero are the lengths 
for each section — Mi 
the overall length. 


ing or ^ ^coupling” transformer of proper design must be used be- 
tween the lead-in and the receiver. This has already been dis- 
cussed in Art. 30-46 (see Figs. 30-41 to 30-43). The impedance- 
matching transformer (T in Fig. 30-49) should be mounted 
directly in the receiver cabinet so that the leads between it and 
the receiver will be as short as possible. 

30-54. The Doublet with a Twisted-Pair Lead-In* — -The 


doublet is also commonly used with a twisted-pair lead-in ter- 
minating in a suitable impcdance-inatehing transformer (see 
Arts. 30-41 to 30-40). Of course the twisted-pair wire used for 
the lead-in must be able to resist even extreme weathering condi- 
tions without increase in its losses. All that has already been 
said about the twisted-pair lead-in in the foregoing pages in 
connection with the inverted-L antenna applies equally well 
when it is used with a doublet. A typical antenna kit which 
contains all parts for a doublet antenna with twisted lead-in is 
illustrated in Fig. 30-60. The two equal rolls of bare copper 
wire for the doublet aerial portion are at the top. Directly un- 
der these is the roll of twisted-pair lead-in wire. The various 



GH, XXX EEBUCING ELECTRICAL INTERFERENCE 


1139 


iriBulators, etc., are shown at the bottom. The receiver imped- 
ance-matching transformer is at the center. 

30-55. The Double-Doublet for All-Wave Reception. — 
It is well known that the signal pickup efiSiciency of the half-wave 
doublet antenna for a given signal frequency or wavelength bears 
a direct relationship to its length. As was explained in Art. 
30-42, the respoiise of a doublet is greatest at a wavelength (in 
meters) which is numerically equal to twice the total length (in 
meters) of the horizontal portion, or, stated in the reverse way, 
the pickup will be greatest at a certain wavelength if the length 
of the doublet is numerically equal to % that wavelength- Good 
(peaked) response will also be obtained at many of the harmonics 
of this 'Tundamentar^ or ^^resonance” frequency. Of course, the 
response at the harmonic frequencies will be less than that at 
the 'Tundamentar^ frequency of the aerial, but neverthless it 
will be better than at the frequencies between these values. For 
instance, let us consider the actual response curve, A, in Fig. 
30-51, for a doublet aerial having a wire 29 feet long for each 
half section (a total length of 58 feet) . Converted into meters 
the best response of this aerial will be at about (58 3.3) X 2 

= 35.2 meters. Converting this into frequency in megacycles, 
we have 300 35.2 = 8.5 megacycles approximately (see Art. 

28-3) for the 'TundamentaF' response peak. This doublet will 
also give *'peaked^^ (but somewhat weaker) response at about 25,5 
megacycles ; its third harmonic. The response curve of this doub- 
let will then look like that labeled, A. Notice that the response 
falls off considerably for the frequencies below the fundamental 
resonant frequency of the aerial, for those lying between its fun- 
damental and third harmonic frequencies, and for those above its 
third harmonic. This is characteristic of the doublet form of 
antenna. 

It is evident that this particular doublet, if used alone with 
an all -wave receiver having the usual frequency range from 540 
to 18,000 kc . (0.540 to 18 mo) would not supply very strong 
signals to it in the frequency band below about 4 me (which in- 
cludes the standard-broadcast band), and in the frequency band 
between about 13 and 19 me (short-wave region). It Is obvious 
that this latter deficiency could be fairly well made up for, if it 
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were possible to connect to the same transmission line (lead-in) 
without either harming the performance of the other, another 
doublet of such a length that its fundamental resonance point 
occurs at about 14 me. This corresponds to a “fundamentaP^ re- 
sonance wavelength of 300 - 4 - 14 = 21.4 meters* The total over- 
all length of this doublet would have to be 21*4 -4- 2 = 10.7 
meters, or 10.7 X 3.3 = 36 feet long (approximately). Let us 
say we will use a doublet about 33 feet long (total) consisting 
of two 16%-ft. sections. The response curve of this doublet 
would be as shown by curve, B, in Fig, 30-51. Notice that it 
peaks sharply at about 14 me, just where our other doublet pro- 
vides rather poor response. We are not interested in the third- 
harmonic response of the short doublet, for that lies way beyond 
the range of present all-wave receivers. 

If some satisfactory arrangement can be devised for oper- 
ating these two doublets satisfactorily with the same transmission 
line, the overall response of the two combined will be as shown 
by curve C. Notice that it is fairly uniform over the important 
part of the short-wave spectrum. This uniformity extends over 
a wider range of frequencies than would be possible with a single 
doublet. 

The foregoing arrangement will provide good antenna re- 
sponse over the short wave band, but not over the broadcast 
band. The first thought would logically be to employ a third 
doublet of suitable length to favor the broadcast band. How- 
ever, a little thought will show that this is ordinarily imprac- 
ticable simply because such an aerial would have to be so long 
that it could be erected only under the most unusual circum- 
stances. For instance, if it were to be made resonant at the 
standard -broadcast band frequency of say 1,000 kc, it would 
have to have a total overall span of about feet from end to 
endl Naturally, an aerial this long is out of the question for 
home use. A practical solution to the problem is to use some 
arrangement for converting the double-doublet antenna 
into another type for reception over the standard broadcast 
band. It is usually convenient to convert it into a T-type 
antenna for this band, since a T-type antenna of a mediinn 
length which is convenient to erect will give fairly good 
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response over the standard-broadcast band of frequencies. 

From the foregoing discussion, it is clear that if two properly 
designed dissimilar doublets be installed and connected by a 
single transmission line to the receiver in such a way that their 
outputs are additive, the double-doublet system which results 
can be made to give an overall response which is high and fairly 
uniform over the entire short wave range. Furthermore, the 
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FlO* 80-62. — How a double-doublet receiving antenna avstem 
may bo erected. The response characteristics of a double-doublet of 
the dimensions shown here are presented in Fig. 80-51. The special 
crossover arrangement shown here in the circle at the lower right is 
important. The antenna impedance-matching transformer (see Fig. 
80-58) is not shown here. 

double-doublet can be re-connected to form a T antenna for 
good response over the standard-broadcast range. That much is 
fairly simple. Now let us see how one manufacturer (the RCA 
Mfg. Co.) has attempted to solve the important and difficult 
problem of providing a transmission line which will not pick up 
any interference disturbances itself, but which will transmit this 
very wide range of signal frequencies from the aerial to the re- 
ceiver with sufficiently high and uniform efficiency — ^without need 
for any elaborate switching arrangements. 

A long doublet consisting of two 29-foot horisontal sections 
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is used with a shorter doublet consisting of two Id^/^-foot sec- 
tions, The shorter one is erected under the larger one, as shown 
in Fig- 30-52, with sufiioient space left between them to prevent 
one from affecting the other. The individual and overall re- 
sponse characteristics of these aerials are as shown in Fig. 30-51 
<in our previous discussion of the double-doublet antenna we 
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Fig, 80-68.— ‘The cir- 
cuit arrangement of the 
d oub le-dou Diet aerial, 
the antenna impedance- 
matching transformers, 
the twisted-wire trans- 
mission line, and the 
receiver coupling trans- 
former for the system 
shown in Fig, 80-62. 
^CA. DeLuooe Double^ 
Doublet Antenna Sye^ 
tem.y 


antcnwa traneformcr unit 

♦‘TWIETCO rair*' tranemirricin 
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transformer unit 



mm utp, a«. 

purposely considered doublets of the particular lengths and 
characteristics ■which are employed in this system) . 

<1) The cross-connection at the aerial: The first import- 
ant point is the special cross-connection bet'ween the doublets. 
In order to make the output of the short (lowar) doublet aMir- 
tive to the output of the longer (upper) doublet at a frequency 
mid'why between their resonance points, the left arm of the 
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ioiiger doublet is connected to the same side of the transmission 
line as the right arm of the short doublet. 

Likewise the right arm of the longer dqublet and the left arm 
of the shorter doublet are connected to the other side of the 
transmission line. This cross-connection is shown in the en- 
larged detail E in the lower right-hand part of Fig. 30-62. In 
order to understand this, it is helpful to consider the fact that 
the long and short doublet arms which are connected to a single 
side of the transmission line form a single and nearly straight 
wire which is resonant in the half-wave mode at the frequency 
midway between the resonance peaks of the two individual 
doublets. 

If the two sides of the line were connected near the center 
of these two straight wires, the antenna would form a low-im- 
pedance termination for the line. If the two-line connections 
were then moved out from the center in opposite directions, the 
impedance of the antenna would rise progressively, reaching a 
very high value when the ends of the wires were reached. 

At the point actually used, the impedance of the antenna at 
this frequency is slightly higher than the line impedance. 

At the frequency of resonance of either the long or the short 
doublet, the impedance of the antenna system is somewhat lower 
than the line impedance. Thus it can be seen that the line im- 
pedance chosen is a good compromise value. The overall per- 
formance of the double-doublet is shown by curve, C, in Fig, 
30-51. The response of the combination is relatively flat over 
the important part of the short-wave spectrum. 

(2) The aerial coupling transformer: The double-doublet 
must be coupled to the transmission line by an impedance- 
matching transformer arrangement which will provide efficient 
transfer of energy from the aerials to the line over the entire 
all-wave frequency range of 540 to 18,OOOkcI The fundamental 
antenna impedance-matching transformer arrangement which is 
used in the RCA Victor De Luxe Double Doublet System is 
shown in Fig. 80-53, (The receiver coupling transformer, which 
is also shown, will be considered later.) The operation of the 
entire coupling system will now be explained in detail. 

By referrmpT to this diaprraiu, it will te seen that the antenna 
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transformer unit consists of two special transformers. Transformer 
S transfers tlie short-wave signal energ:y from the double-doublet to 
the transmission line lead-in and matches the impedance of the doub- 
lets to that of the lead-in at these frequencies. The center-tap of 
its primary connects to ground through the primary winding of the 
broadcast hand transformer B, but since the impedance of the prim- 
ary of B is so high for short-wave frequencies that it has relatively little 
effect on the short-wave reception* The secondary of the short-wave 
transformer is split into two parts connected in series with each other^ 


•OUBLC BOU&LCT 



Pig. 80-64. — (A) The essential circuit arrangement which exists 
when short-wave siraals are being received by the double-doublet 
antenna circuit of Fig, 80-68. 

(JB) The arrangement which exists when standard-broadcast 
band signals are being received. Notice that the circuit automatically 
connects the two parts of the double-doublet together at the center 
to form a T-type antenna for more effective pickup over the standard- 
broadcast range. 


with the secondary of transformer B and with the transmission Hue. 
The by-pass condenser d is of such value that it by-passes the short- 
wave (high-frequency) signals past the secondary winding of the 
broadcast transformer. Therefore, when short wave signals are being 
received, tranaformer B is ineffective and transformer S is in oper- 
ation. The effective circuit connections are then essentially as shown 
5^ that the aerial function.** as a double- 

doublet for these frequencies. Resistors C and K are used to prevent 
the system from collecting a high static potential and iparkl 
ground intermittently. If this were to happen^ it would most 
cause disturbing periodic clicks to be heard in the receiver. 
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When broadcast-band frequency signals are received, transfor- 
mer S (having relatively few turns) ceases to transfer the signal 
energy efficiently, and is ineffective. The signal ener^ is now trans- 
ferred to the lead-in through transformer B (which is designed 
especially to transfer ener^ of these frequencies efficiently) instead. 
When this happens, the efective circuit connections are essentially 
as shown at (i?) of Pig, 30-54. The doublets are really connected 
to each other (through the few turns of the primary of short-wave 
transformer S) to form a T type aerial. The signal flows through 
the primary of transformer B to ground, and is transferred through 
the secondary of B to the lead-in. Thus, transformer B serves to 
match the impedance of the aerial (now a T type) to the transmis- 
sion line lead-in over the broadcast band of frequencies. 

(3) The receiver coupling transformer: It is important 
to realize that the noise-eliminating feature of the complete anten- 
na syatem depends entirely upon the design of the receiver coup- 
ling transformer. Since a twisted-pair lead-in is used, a balanced 
condition must be maintained at all times if the noise voltages 
induced in the lead-in are to cancel out (see Art. 30-41). One 
of its functions is to effectively match the impedance of the 
lead-in to that of the input circuit of the receiver at all fre- 
quencies over the entire all-wave range. Another task which it 
must perform is that of allowing the out-of-phase signal im- 
pulses from the double-doublet aerial to be transferred along to 
the receiving set, while effectively cancelling the in-phase noise 
impulses picked up by the twisted-pair lead-in. (Remember 
that the twisting of the lead-in wires causes the induced noise 
voltages to be in phase with each other at the transformer, 
while the regular signal is unaffected by the line (see Tig. 30-34). 
A static shield is incorporated between the primary and secon- 
dary windings to prevent the noise impulses from getting through 
by capacity effects (see Art. 30-44). 

The fundamental feature of the receiver coupling transformer 
is that it uses different transformers for different frequency bands, 
and places these transformers in series to obtain good transmission 
over their combined frequency ranges. The circuit arrangement for 
doing this is shown at the lower part of Fi§f. S0-5S. Referring to 
this diagram, the transformer winding e having the smaller induct- 
ance, transmits the highest-frequency signal currents to its secondary 
winding fc. The hi^-frequency primary currents are by-passed 
around the other transformer / by condenser C,. The effective cir- 
cuit which exists for this condition is shown at the lower part of 
(A) in Fig. SO-64. 

Lower-frequency signals are transmitted, by the transformer 
winding / to its secondary h. This condition is shown in the diagram 
at (B) of Pig- 80-54. There Is a certain intervening frequency at 
which the transformers e and / are equally effective in passing on 
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the energy. At this frequency, the outputs of the two truneformere 
e end / are additive, provided the polarities of the mutual inductances 
of the transformers are the same. In this manner, any desired num- 
ber of transformers may be connected in series and the frequency 
range extended almost without limit in either direction. The effi- 
ciency of transformation is high and practically constant over the 
extended frequency band. 

In designing this transfox*mer system the comjponent transformers 
are designed separately for adjacent bands, providing a slight over- 
lap* These transformers are then connected together as shown, 

(4) General: The matched twisted-pair transmission line 
lead-in supplied with this double- doublet antenna kit is SO feet 
long and must not he cut for any reason whatsoever. If ihe 
double-doublet aerial must be erected at a greater distance from 
the receiver than this in order to remove it sufficiently from the 
local interference sBone so that it does not pick up any appreciable 
amount of noise, additional 80-foot unit lead-in sections can be 
used. The double-doublet should be erected at least 30 feet 
above the ground. Through the use of this type of antenna 
system, the following features are obtained, 

(1) Efficient all-wave reception with only one antenna of 
I medium length. 

' (2) Effective elimination of noise pickup by the lead’-in on 

all frequency bands. 

<3 Elimination of all need for '^switching^^ arrangements in 
1 the impedance-matching transformers when shifting from 

{ one band of frequencies to the other during reception. 

(4) Ease of installation due to simple twisted-pair lead-in 
without necessity for transposition blocks, etc. 

By means of the unique circuit arrangement in the antenna- 
matching transformer, the advantages of the double-doublet for 
wide-hand short-wave reception are obtained, and Ubiofe of <^e 
T-type antenna for standard-broadcast band reception are also 
secured. 

(5) Erecting Double- Doublet in Limited Space: Very 
often, the space available for the double-doublet antenna is such 
that it is not possible or practical to erect the full horiscmtal span 
of approximately 60 feet (including support wires at ends, etc.)* 
In such oases, loading coils may be employed. These pwidt the 
span length to be reduced with but a slight decreaM In efflciency. 
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However, by erecting the short length doublet at the top and the 
long doublet at the bottom, considerable reduction in span length 
may be obtained without any reduction, in efficiency. By in- 
creasing the angle of the spans (bringing the long span farther 
down each pole) the total length may be adjusted from 33 feet 
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Fm. 30-66. — A ^^dealer demonstration antenna** system which 
permits the demonstration of four all-wave receivers (one at a time). 
The receivers may be switched to the antenna by the simple 2-gang 
switch shown. A double-doublet antenna system (similar to the one 
shown in Fig. 80-68) is used. An individual impedance-matching 
transformer T is used at each receiver. (Courteai/ UCA Mfg, Co.) 

to 62 feet. The shortest span loses the most efficiency by this 
change, while the longest span is equally as effective whether it 
is on top or on the bottom. 

30-56. Radio Dealer Demonstration Antenna System. — 
Many radio dealers who complain of their inability to make good 
noise-free demonstrations of short-wave and all-wave receivers 
dan lay the blame almost entirely on the poor antenna installa- 
tions which they use in these demonstrations. This condition is 
especially prevalent in radio stores located in crowded city cMs- 
triots where it is often difficult to erect a good antenna system 
that is free from the influence of man-made electrical disturb- 
ances. In many cases, dealers attempt to demonstrate all-wave 
receivers with the same antennas which they have been employ- 
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mg for demonstrating standard broadcast receivers— and often, 
these antennas have not been inspected for years. Invariably, 
the antenna system which enabled fairly noise-free reception to 
be obtained with the standard broadcast band sets is very 
noisy when used with all-wave receivers, simply heeatxae a great 
deal of the man-made electrical disturbance wiucii it picks up 
lies in the short-wave region and therefore affects the latter type 
of set only. Tuning in of distant B3uropean short-wave ntaticms 
for a demonstration is usually impossible with the noisy back- 
ground which results under such conditions. 

A special all-wave antenna system which embodies all of the 
features of the double-doublet all-wave systciti described in Art. 
30-55, and in addition contains several features which make it 
particularly useful for receiver demonstration purposes in radio 
stores, is shown in Fig, 30-55. This antenna employs the same 
double-doublet aerial arrangement which has already been de- 
scribed (see Art. 30-56 and Figs. 30-61 to 30-54) . The trans- 
mission line from the antenna impedance- matcliing transformer, 
however, is broken by a four- way two-gang switch from 

which four secondary transmission lines (each exactly 36 feet 
8 inches long) are run to four receivers which can be demonstrated 
with it. This switch enables the aerial and transmission line 
to be switched instantly to any one of the four receivers at will; 
the receivers being placed at any desired demonstration points 
in the store within the length of the secondary transmission lines. 

The main transmission line, 73 feet 4 inches long, leading 
from the switch to the aerial, makes the correct total of 110 feet 
of transmission line, including the secondary line, in use at any 
one time when a receiver is being demonstrated. A second 1 10- 
foot length of transmission line may be added if it is needed in 
order to place the antenna in the most noise-free location avail- 
able. Beyond 220 feet, the length of transmission line Is not 
critical. Additional line may be added up to a total of 500 feet 
for the main and secondary line if necessary. 

A transformer to match the impedance of the complete trans- 
mission line to the input impedance of the receiver is installed 
at each receiver, as shown. The impedance-matching trans- 
former arrangement is essentially the same as that shown in Fig. 



CH-XX3C REDUCING ELECTRICAL INTERFERENCE 


1149 


30-53. This puts the proper impedance-matching transformers 
in the circuit to ejSiciently couple the double-doublet aerial to the 
twisted-pair lead-in, and the lead-in to the receiver, over the 
short-wave bands. It automatically changes the aerial connec- 
tions so that it becomes a T type aerial for reception over the 
standard broadcast band range of frequencies, and efficiently 
couples the aerial to the lead-in, and the lead-in to the receiver, 
over this range. 

A good antenna system of this type (or any other which pro- 
vides similar features) is a worthwhile asset to any radio store 
in which all -wave receivers are demonstrated, for the following 

reasons : 

(1) By bringing in more short-wave stations with greater 
volume and greatly reduced noise, it is a big help in 
making all-wave set demonstrations satisfactorily so that 
the sets will be sold, 

(2) It makes possible convincing demonstrations in the deal- 
er's store where the prospectus undivided attention may 
be obtained, and where the salesman is in a position to 
quickly concentrate his attentions on any receiver which 
the prospect shows an interest in. 

(3) By making satisfactory demonstrations in the dealer's 
store possible, it makes costly and generally unsatis- 
factory (unsatisfactory because of noisy reception con- 
ditions) demonstrations on a temporary set-up in the 
customer's home unnecessary. 

(4) By making instant switching from one set to another 
easy, it simplifies the process of building up the unit of 
sale from a cheap set to a better one by actually allow- 
ing the prospect to make a direct comparison between 
any two sets for himself (whenever this is advisable). 

(5) It enables the dealer to forcefully demonstrate the efifect- 
iveness of a well-erected modem noise-reducing antenna 
system for minimizing man-made electrical interference, 
and thereby promotes the sale of such systems along 
with the receivers. 

30-57. Directional Characteristics of Various Types of 
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Antennas. — Theoretically, all types of antenna systems (ex- 
cepting the vertical antenna) have directional characteristics, 
thongh the degree of directivity is affected greatly by the pro- 
portions of the aerial and lead-in sections and some types are 
more directional than others. An antenna system is said to be 
noU’-directional when it receives (or transmits) energy in all 
directions with eqnal facility; an antenna system is directional 
when it receives or transmits best in one or more well-defined 
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Pig. 30-66. — Directional characteristics of three types of com- 
monly-used receivinfir antennas. AH other things being equal, sig- 
nals coming from the direction of the largest part of each shaded 
lobe are favored the most if the antenna constrnction is such that 
any directional characteristics are present at all 

directions- Before entering upon any discussion of the directive 
properties of antennas, it will be well to point out that while the 
directional property of closed antennas, see Fig. SO-8, is 

very marked (that is why they are used in direction-finding and 
radio-beacon systems), the directional properties of ordinary 
^'open'^ types of antennas are generally greatly over-estimated. 
Very often, they do not exist at all, because of the proportions 
which exist in the various antenna parts as they are actually 
erected. 


Regardless of these factors, it is well for the service man to 
be familiar with the theoretical directional characteristic of the 
common types of receiving aerials. This knowledge will enable 
him to take advantage of these properties in both a ^^poeitive’^ 
and ^'negative'^ way. If reception of signals from distant sta- 
tions located in a certain direction from the receiver is to be 
improved, the directional characteristiGB (if any) of the par- 
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ticular type of receiving antenna which is employed may be taken 
advantage of by erecting the aerial portion in such a direction 
that it receives heat in the direction of these stations. On the 
other hand, if the aerial portion of an antenna is picking up 
man-made interference from a nearby source, its directional 
properties (if any) may be taken advantage of for reducing the 
interference pickup by erecting it in such a direction that it re- 
ceives most poorly in the direction from which the interference 
is arriving, 

(1) The **loop*' Antenna: 

The directional characteristics of the ordinary closed loop an- 
tenna (see Fig, 30-8) are well known. The loop receives best in 
either direction along the plane of the loop; and most weakly 
in the directions at right angles to this plane. 

(2) The “vertical" Antenna: 

The antenna system shown at (A) of Fig. 50-56 is perhaps 
the simplest of all systems, and is particularly effective in re- 
ceiving the signals of nearby stations since the waves from them 
are vertically polarized (see (A) of Fig. 30*-33) when they ar- 
rive. It consists of a single conductor rising vertically from the 
ground; the lead-in is taken from the bottom. Such an antenna 
is non-directional if the surrounding space is free from obstruc- 
tions (we shall assume that all our aerials are free from obstruc- 
tions). The circular shaded portion at the top represents the 
relative receiving ability of the aerial in all horizontal directions 
from its vertical axis. Since this pattern is circular, it indicates 
that the aerial receives from all of these directions equally well. 

(3) The “inverted-Lr” Antenna; 

The inverted-L antenna system, shown at (B), derives its 
name from its physical shape^ — ^that of an inverted-L. This type 
of aerial is somewhat directional but the amount of directivity 
which it possesses in any case depends upon the relative lengths of 
the horizontal aerial portion and the vertical lead-in. The lead- 
in is a very important part of this antenna system, since it col- 
lects energy just as the horizontal aerial portion does. In fact, 
for local stations, it collects more energy than does the horizon- 
tal portion, because the so-called “ground wave" of a local sta- 
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tion is usually vertically polarized. Also, since the lead-in acts 
essentially as a vertical antenna, it is non-directionaL 

The horizontal portion of the antenna is directional, and 
favors the reception of those signals which come to it from the 
direction of the end at which the lead-'tn is connected. If the 
aerial runs north and south and the lead-in is taken from the 
south end, then it will favor the reception of stations located to 
the south of the aerial (all other things being equal) . Since the 
lead-in is non-directional and the horizontal section is slightly 
directional, the overall directivity depends upon the relative 
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lengths of the two. The antenna is not directional to any extent 
unless the aerial portion is at least 4 or 6 times as long as the 
lead-in. If the lead-in is of the shielded, transposed, or twisted- 
pair type, all of the energy, which it collects is effectively pre- 
vented from entering the receiver — only the energy collected by 
the dat-top aerial portion gets to it. Under these conditions, the 
directional characteristic of the aerial is slightly emphasized. 
The condition which exists when the aerial is directional is shown 
by (B) of Fig. 30-56. All other things being equal, the signals 
arriving from the direction of the largest shaded lobe (the lead-in 
end) are favored the most. 

(4) The ''T-type^' Antenna: 

Suppose the single-wire lead-in of an inverted-L antenna l« 
slid along until it is at the center of the aerial, as shown at (C) 
of Fig. 30-66. We now have two inverted-L antennas, or a T- 
type antenna. One of these component antennas will favor the 
reception of signals arriving from the direction of its lead-in, 
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and the other will do likewise. Therefore, the entire T-^type an- 
tenna will favor (equally) the reception of those signals which 
arrive from the direction of either of its free ends, as shown. Like 
the inverted"L antenna, though, the horizontal aerial portion 
must be long compared to the length of the lead-in before any 
directional characteristics become apparent. The overall length 
of a T-type antenna must be twice as long as the inverted-L 
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Fig. 80-68. — How the ''directional' characteristics of a double- 
doublet antenna may be taken advantage of to reduce pickup of inter- 
ference by the aerial portions. Here the double-doublet is shown 
erected so that it points as nearly as possible directly toward the var- 
ious sources of man-made interference which are illustrated. By erect- 
ing it in this direction, it does not favor them, and therefore picks them 
up more weakly than it would if it were erected in any other direction, 

aerial* for the «ame signal pickup, since the complete system 
can be thought of as consisting of two separate inverted-I/ sys- 
tems with a oominon lead-in. 

(5) The “doublet** Anteuna : 

It might seem at first thought that the familiar doublet an- 
tenna has the same directional characteristics as the T-type has, 
but such is not the case, as evidenced by the directivity patterns 
drawn on the antenna diagram of Fig. 30-67, Why this is so 
will become evident from the following consideration. Suppose 
a radio wave approaches this doublet from left to right in the 
direction of its axis. The end of the aerial which the wave first 
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intercepts will receive a charge, and as the wave progresses 
along to the right, it induces charges in each section. Now if the 
total doublet wire from tip to tip is half a wavelength long, then 
the polarities of the two outside ends will be similar at each in- 
stant. Therefore, the two points to which the lead-ins connect 
will have similar polarities at each instant. Hence, no reception 
will result since the two signal currents will balance each other 
out in the transformer winding which terminates the lower end 
of the lead-in. But, if the wave approaches from a direction at 
right angles to the axis of the aerial, each half of the doublet will 
receive equal charges. Therefore, at the instants that the lead-in 
end of the left-hand section is positive, the lead-in end of the 
right-hand section will also be positive and vice versa. Hence 
the voltages of the two sections add together in the terminating 
transformer winding and signal current flows through the lead-in. 
Therefore, the doublet favors the reception of those signala which 
arrive from directions at right angles to its length. The direc- 
tional properties of the doublet are more marked than those of 
either the inverted-L or T type antennas. 

(6) The '‘double- doublet*^ Antenna: 

The directional characteristics of the double-doublet antenna 
are similar to those of the simple doublet, i.e., the doubU-dovhlet 
favors the reception of those signals which arrive from directions 
broadside to its lengths 

By taking advantage of these directional oharacteriaties of the 
various types of antennas (whenever they actually exist) the 
service man may often erect the aerial portion of the antanna 
system in a way that will assist in reducing the electrical disturb- 
ances which may be reaching it from some source of interference. 
For instance, since a doublet or double-doublet has mmimum 
pickup ability in the direction of its length, erecting it so fihat 
it points toward the source of interference will reduce the noise 
pickup. A typical case of this kind is illustrated in Fig. S0-5S. 
Here, a double-doublet is shown erected on the roof of a building 
which is close to several strong sources of man-made interference 
(a flashing electric sign, elevated power lines, an elecMo trolley 
line, and ignition systems of passing automobiles). Since Urn 
double-doublet itself is erected so that it points to the sources of 
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interference, it picks up less interference than it would if it were 
pointed in any other direction. All interference which is picked 
up by the twisted-pair lead-in is cancelled out in the winding 
of the terminating transformer (see Fig. 30-47), so it is not trans- 
ferred to the receiver. 

30-58, Method of Testing for a Noise-free Zone for the 
Aerial, — In closing our study of noise-reducing antenna systems, 
several important points which are too often lost sight of when 
they are erected should be emphasized. First of all, it is not the 
aerial portion of the antenna that reduces the noise, but the 
special noise-reducing lead-in of one form or another. The ob- 
ject of all noise-reducing antenna systems is to place the aerial 
itself in a zone as free from interference disturbances as possible; 
the special noise-reducing lead-in (of one type or another) serves 
simply as a transmission line to lead the signals from the aerial 
down through the noise zone to the receiver (see Fig. 30-31). 
The lead-in is to act merely as a conductor for the desired sig- 
nals, and is not to add to them any interference which it may pick 
up because of the fact that it must be run through the noise zone. 
Therefore, the mere fact that a much-advertised noise-reducing 
lead-in is installed does not necessarily mean that all interfer- 
ence will disappear as though by magic. Unless the aerial por- 
tion of the antenna is located in a zone which is entirely free from 
the interference — or in a relatively weak field of interference as 
compared with that in which the lead-in is located — ^noisy recep- 
tion will result, regardless of what type of special lead-in is em- 
ployed. Hence, the problem of erecting the aerial in a relatively 
noise-free zone is of just as much importance as is that of pro- 
viding an effective noise-reducing lead-in to the receiver — ^but 
it is not usually given as much consideration! 

It is obvious that in cases of interference pickup by the aerial 
the first consideration should be to erect it in such a direction that 
its directional characteristics are utilized to reduce the pickup of 
the interference if this is at all possible. But, even though this 
is thought of, and it is planned to erect the aerial as high as pos- 
sible and away from all obvious interference sources such as ele- 
vator pent houses, etc., the service man has no way of knowing 
that the antenna is going to be noise-free after he has installed 



1166 


MODERN RADIO SERVICING 


OH- XXX 


it, and that his customer will be satisfied with it and be willing 
to pay for the installation- In many cases, the place selected 
for the aerial is not at all free from interference, even though it 
might seem that it should be; in other cases, the interference is 
general and covers an entire neighborhood so that no matter 
where the aerial is placed, it is still in the field of interference. 
To eliminate this uncertainty regarding the hnal result and to 
determine if the cost of a noise-reducing antenna installation 
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Fig. 30-69- — Complete schematic circuit diagram of a compact, 
simple 1-tube portable noise-testing receiver and noiae-loeating doub- 
let aerial which may be used to locate the zone of minimum iuterfar- 
«nce for the erection of the main receiver aerial. All of tha coRt 
may he wound with No. 22 double silk (or enamel) covered wire- 

will be justified in a particular place, the use of a simple short- 
wave portable noise locator has been suggested by Mr. Arthur 
H. Lynch. A description of this simple unit is presented here 
through his courtesy. The locator consists essentially of a simple 
one-tube regenerative receiver (see Fig. 30-69) built in portable 
form with all A and B batteries self-contained in a small metal 
carrying case (which also serves to shield the entire receiver). 
Although it is designed primarily to locate short-wave interfer- 
ence, it can also be used to locate interference which is audible 
in a broadcast-band receiver, since such interference is usually 
broad enough to extend far into the short-wave spectrum. 

The simple regenerative receiver employs a type ^SO tube, with 
a single small 1%-volt dry-cell for filament supp^ and a small 
volt battery block for plate voltage supply. The coil details are 
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marked directly on the diagram. The coil consists of a 2-inch lengrth 
of 1%-inch diameter tubing- -with the various windings placed on it 
as indicated. The primary is a separate little 12-turn coil wound 
on a 1-inch length of %L-inch tubing which is slipped into the tickler 
end of the larger piece of tubing. The taps on the tickler are con- 
nected to the double-pole double throw switch as shown* This 

provides two tuning bands. Fixed regeneration is provided by a tiny 
30-mmfd. trimmer condenser. Since the set is to be used only for 
general noise and signal receiving purposes, it is not necessary to 
adjust this frequently. It is merely adjusted once for greatest sen- 
sitivity without oscillation, and is left undisturbed thereafter. Tun- 
ing is accomplished with a 50-mmfd midget condenser. The entire 
receiver with batteries may be placed in a metal cabinet measuring 
about 7 X 7 X '7 inches, and it may be slung from the shoulders by 
a strap in camera fashion. 

The ^^probing aerial” for the receiver consists of an *‘Airod” 
antenna, mounted on a 1 by 2 inch wooden pole about 8 or 10 feet 
long. This should be light enough to make it possible to carry it 
around and manipulate it easily on the roof top. If the pole is made 
of sections hin^d together, it can be folded up for easy transporta- 
tion. The aerial is a telescoping duraluminum tube intended for 
6-meter reception and transmission and lends itself nicely for the 
purpose of interference field testing and even noise source location 
(see Art. 30-19) because of its marked directional properties and the 
fact that it can be adjusted for a spread of from four to ten feet- 
It consists of two sections held by an insulating bushing at the center, 
and therefore forms a simple “doublet” aerial. The aerial is con- 
nected to the primary coil m the receiver by an 8 or 10 foot length 
of good twisted-pair lead-in wire. 

The noise locator unit is used in the following way. It is set 
up on the site at which it is planned to erect the receiving aerial. 
With the locator receiver hung from the prober^s shoulder, the 
probing aerial rod is carried through the entire space where the 
receiving aerial is actually to be erected. The probing aerial 
itself should be swung around in different directions, and the 
signal-to-noise ratio as heard in the earphones should be ob- 
served carefully for each position. The general area or direction 
that seems to be quietest should be selected for the ultimate 
permanent receiving aerial. Very often, this place will not be 
accessible, for it may lie over the side of a building, over an 
obstruction, etc. However, if carrying the probing aerial slowly 
in the direction of this inaccessible place results in lower and 
lower noise, it is safe to conclude that the area will be a zone of 
weakened interference. Incidentally, it should be remembered 
that since the probing aerial is a doublet, if it is rotated through 
a horizontal angle of 90 degrees from the position where minimum 
noise is heard in the earphones, it will then be pointing straight to 
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the arrival of the interfering radiations, (see Fig. 3D-57) . 

If no reasonably quiet spot is found, it is safe to oonclude 
that the contemplated erection of the receiving aerial in that par- 
ticular location would not be particularly satisfactory from the 
interference standpoint — even if an efiBicient noise-reducing lead- 
in were used with it. If a quiet zone is located, that will usually 
be the best place to locate the aerial. Because of the peculiar 
ways in which large metal surfaces such as metal roofs, gutters, 
etc., can reflect and distort the noise fields, and the ways in which 
isolated vertical pipes or shafts can conduct noise disturbances, 
the noisy and the quiet zones will often be found in most un- 
expected places. In suburban districts where the buildings are 
made mostly of wood, the field patterns will be found to be quite 
uniform, and a noise-free zone will usually be found a short dis- 
tance above the building, and in the space behind it even if inter- 
fering devices are located within the building. In congested 
city districts, however, the influence of steel building frameworks, 
large metal surfaces, etc., may cause the interference field pat- 
terns to assume the most erratic shapes. Although the advice to 
'^erect the aerial as high as possible*’ has been almost worn out 
through use, many cases will be found where the interference 
gets stronger the higher up the aerial is located, simply because 
buildings on either side of the one on which the aerial is «M:‘ected 
may act as partial shields for interference coming from the side. 
In such cases, erecting the aerial high above the building puts it 
above this shielded zone and into the noise zone. While such 
oases are exceptions rather than the rule, they serve to illustrate 
forcefully the usefulness for some sort of portable interference 
locator or tester, such as has been described here, for actually 
finding out what the interference conditions are, before any at- 
tempt is made to erect the aerial. 

REVIEW QUESTIONS 

What is meant by '‘natnraF' static? What ia ft due tot 
Why is it impossible to completely eliminate interferwice caused 
by atmospheric ‘‘static"? 

What is meant by man-made interference? Name some com- 
mon household electrical devices which produce It. 

Why Is man-made electrical interference more troublesome when 
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the short wave bands of an all-wave receiver are used, than 
when the standard broadcast bands are employed? 

6. Why is a set analyzer of very little value in trouble-shooting^ for 
the cause of noisy reception? 

6* Why have the great improvenaents made in radio receiver design 
during the past few years made the interference problem more 
troublesome and serious? 

7. Explain how a d-c motor, having brushes which spark, produces 
interference in radio receivers located in an adjacent building. 

8. Name the four general types of electrical interference. Explain 
what each may be caused by. 

9. How would you proceed to cure a case of inter station interfer- 
ence resulting in high-pitched whistling in a moderately old 
superheterodyne receiver? 

10. State 7 possible causes for interference originating within a 
receiver. How would you proceed to locate the exact source of 
the noise in the receiver? 

11. Describe (with the aid of sketches two ways in which inter- 
ference originating outside the receiver, may travel to the re- 
ceiving equipment and affect it so as to cause noisy reception. 
How could you prove this? 

12. The signal-to-noise ratio of a certain receiver is 26 in a certain 
location. Another receiver in that same location has a ratio 
of 10- How much less objectionable is the noise from the first 
than from the second receiver? 

18, The noise voltage at 20 feet from a source is approximately 0.6 
volt- If the antenna of a receiving set is at that point and the 
signal strength of a certain broadcasting station is 1 volt, what 
is the signal-to-noise ratio? 

14. If the antenna of Question 18 is moved 20 feet further away from' 
the source, and if the field strength of the station remains the 
same, what is the signal to noise ratio (assuming that all the 
noise impulses are being radiated directly to the antenna and 
that the intensity of radiated energy varies inversely as the dis- 
tance from the source of radiation)? 

16. What simple tests can be made to determine if man-made inter- 
ference is entering via the antenna system, the chassis or the 
power supply line? Describe them! 

18. What two methods may be used to determine whether noise is 
entering a receiver through the chassis directly or through the 
power supply line? Explain them! 

17. It has been ascertained that noise is entering the receiver through 
the power supply line. How would you proceed to locate the 
source of interference if you desired to eliminate it at the source? 

18. What are the seven different characteristic sounds caused in 
radio receivers by interference from different electrical sourcesT 

19. Describe the characteristic noises which would be produced in a 
radio receiver in each case, by interference from the following 
electrical devices (a) a d-c electric motor; (6) a spark coil; (c) 
eleva^r control relay contacts: (d) a nearby high tension a-c 
transmission line With a leaky insulator; <e) an oil burner; (/) 
a door boll; ig) a 6-contact motor-driven electric sism flasher. 

20. Classify interference into three main divisions according to the 
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method by which it ^ets to the radio receiving* eiquipment. Ex- 
plain each fully! Which is usually the strongest? 

21. Explain in a general way how you would proceed to track down 
the cause of a strong buzzing interference which is heard for a 
minute or so at a time at intervals of about 2 hours in a re- 
ceiver located on one of the upper floors of an apartment house 
in a congested section of a city. 

22. If trolley cars also caused excessive interference in the forego- 
ing installation, what would you do to overcome the trouble? 

23. You are called in to eliminate a peculiar ‘^clicking'* interference 
in a receiver located in a private dwelling in a fairly busy sec- 
ton of the city. There are a number of stores within a radius 
of one block. The interference is steady and occurs only be- 
tween the hours of about 6 P. M. and 11 F. M. Explain exactly 
how you would proceed to diagnose the case^ how you would 
track down the trouble, and how you would eliminate the Inter- 
ference. 

24. Of what value is an interference-locating receiver? Under what 
conditions is it; (a) particularly useful; (b) not helpful. What 
is the purpose of the loop antenna used with it. What general 
type of receiver should it be? 

26. How would you And out definitely whether defective house 

in a private dwelling was causing intermittent interference? if 
your test indicated that it was, how would you localize the 
trouble? 

26. In a general way, explain under what conditions it is usually 
desirable to track down interference to its source. Under what 
conditions is it more advisable to suppress the interference at 
the receiver? 

27. Draw circuit diagrams of S different line-filter arrangements 
which may he used to prevent interference from an interfering 
device from being conducted back into the power line. Por 
what particular applications does each one have advantages? 

28. Draw three circuit diagrams showing the foregoing Alters con- 
nected to a d-c fan motor. 

29. What important precaution must be observed when such Alters 
are connected to an offending device? Just how will interference 
get out if this precaution is not observed? Explain! 

SO, What expedient besides line filtering may be used to prevent 
direct radiation from the source of interference? Why is this 
method not used more? State one cause of interference in which 
it must be applied if all the interference is to be eliminated. 

31. Explain in detail why it is usually better to connect the ''ground'^ 
lead of the filter to a clean spot on the metal case or base of 

. offending device rather than to an actual ^'earth^* ground. 
Why does the interference usually persist if the latter connection 
is made? 

32. What is meant by a **noisy'* ground? 

38. What mechanical or electrical troubles in d-c motors will cause 
excessive electrical interference? What does this type of inter- 
ference sound like? Explain how you would remedy each of 
these. 

34, What would be the character of the noise heard if a thermostat 
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in the heating system of a home caused interference? Whmt 
circumstances would lead you to suspect the thermostat? How 
would you eliminate the interference (give circuit diagram) ? 

^6. What parts of an oil burner installation may cause interfer- 
ence? Which part is likely to cause the most interference? 
Explain in detail what must be done (step-by-step) to eliminate 
it completely, telling why the particular remedy you use for 
each part is the best one to use. 

36. You are called into a store in which a radio receiver is installed. 
Every time the cash register is operated, annoying interference 
is heard in the receiver. When the electric fan is operated, the 
same thing happens- Explain exactly what kind of filter you 
would use to suppress the interference from each device. 

37. Draw the complete circuit diagram for a d-c motor-driven 6-cir- 
cuit electric sign flasher connected to an electric sign having six 
banks of lamps connected to the flasher. The installation is such 
that the flasher must be installed at a point about 60 feet from 
the sign, (a) Explain just which main parts of this installa- 
tion are apt to produce interference in radio receivers within a 
radius of 1 block. (6) Explain just how interference is caused 
by these parts, (c) Explain by what paths and methods the 
interference from each main part can get to the radio receiver 
installation. (d) Explain how you would effectively prevent 
the interference from each of these parts from leaving the flasher 
and sign installation, (e) Draw all the necessary interference 
eliminating equipment in the proper places in your circuit dia- 
gram. 

38. Cite 2 cases in which it would be better to attempt to eliminate in- 
terference at the location of the receiver installation rather than 
at the source. 

39. How would you effectively eliminate (at the receiver) interfer- 
ence which was entering the receiver by way of the power supply 
line? What precautions would have to be observed when in- 
stalling the interference-eliminating device? Why? 

40. What is the function of the electrostatic shield used in some 
receiver power transformers? 

41. What questions would you ask yourself regarding the various 
conditions existing in a noisy receiver installation before you 
would decide definitely regarding the course of action you would 
take in order to minimize the interference? 

42. In what two ways may interference reach an antenna system. 
Which one is the most common? 

43. What component parts of the following types of antenna sys- 
tems may pick up interference; (a) an inverted-D type; (b) a 
T type; (c) a doublet type? 

44. How can the interference in each part of each type of antenna 
In the foregoing question be minimized? Explain! 

46. What Is the fundamental idea upon which all noise-reducing an- 
tenna systems are based? 

46. How is the use of shielded wire for the lead-in of an antenna 
supposed to eliminate noise that the antenna system may be 
picking up? 

47. What effect will the increased lead-in-to-ground capacitance 
caused by the grounded shield have on the antenna-stage tuning 
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condenser adjustment in a sing-le dial receiver? State briefly 
3 ways in which this effect may be reduced. 

48. Why should the shield on the lead-in be grounded? At what 
points should it be g:rounded? Why? 

49. Why are impedance-matching transformers required between 
the aerial and shielded lead-in, and between the lead-in and the 
receiver, if the shielded lead-in is long? What does the an- 
tenna coupling transformer do? What does the receiver coup- 
ling transformer do? 

60. Why are shielded lead-ins unsatisfactory for use with all-wave 
receivers? 

61. What is the theory of operation of the twisted-pair lead-in 
insofar as its ability to prevent noise pickup by the lead-in ia 
concerned? Where does the cancellation of the noise voltages 
take place? 

52. What two types of aerial systems can be used with twisted-pair 
lead-ins? Illustrate with drawings! 

68. Why are impedance-matching transformers used with twisted- 
pair lead-in systems? 

64. State whether the radiations arriving at the receiving aerial 
wire from the following sources is vertically or horizontally 
polarized: (a) interference from electrical devices below; <6; 
signals from a nearby broadcast-band station; (e> signals from 
a nearby short-wave station; (4) signals from a distant short- 
wave station. Of what significance is this if we desire to 
greatly minimize noise from the electrical devices so that we 
can hear the weak signals from the distant short-wave station 
without appreciable noise background? 

66. Describe two examples of balanced transmission lines — ^with 
sketches ? 

56. What construction features should high-grade twisted-pair lead- 
in wire possess? 

57. Draw a sketch showing how a twisted-pair lead-in wire may be 
connected in an inverted-L antenna system so that it mlnimbrnm 
noise pickup in the lead-in. You are also to show the proper 
way to connect this lead-in to a common standard-broadcast 
band receiver having one Ant* post and one Qnd. post. 

68, State one important installation advantage which the twisted- 
pair lead-in has over the transposed-wire lead-in* 

69. It is desired to erect an inverted-L receiving antenna which will 
receive the signal from a distant 800-meter station as strongly 
as possible without regard to how it will receive other stations. 
What should be the length of its horizontal portion in feet? 

60. It is desired to erect a doublet antenna system to re«^ve best 
on about 90 meters. What should the length of each section of 
the aerial be (in feet) ? 

61. Why must the entire length of twisted-pair lead-in wire which la 
furnished with a noise-reducing antenna kit be used — whether 
it is required or not? What effect will cutting off a long piece 
have on the reception? 

62. What is the purpose of the ^*static shields*' employed In the im- 
pedance-matching transformers used between molse-redttcing 
lead-ms and the receivers? 
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68. You must connect a transposed lead-in to a fairly old receiver 
which has the antenna and ground posts marked as follows: 

JD.Awi., Gnd Explain (including a sketch) how you 
would connect the lead-in to this receiver for best reception. 

‘64. What is a “doublet^’ antenna? Draw a diagram showing how 
one should be installed. 

■66. State one advantage which the doublet type of antenna possesses. 
State one disadvantage. 

66. What is the difference between an ordinary doublet antenna and 
a double-doublet? 

"67. What main advantage does the double-doublet possess over the 
ordinary doublet? Explain fully! 

-68. Is there anything about the aerial portion of a doublet antenna 
that makes it noise-reducing? 

69. Explain how a parallel-feeder lead-in eliminates lead-in pickup 
of interference under favorable conditions. Under what con- 
ditions would its use not entirely eliminate this type of inter- 
ference pickup? Explain fully with sketches. 

70. (a) What is the theory of operation of the transposed lead-in? 
(b) Explain in detail, with sketches just why it makes a good 
noise-reducing lead-in. (c) What is the purpose of the trans- 
positions? (d) Do the noise voltages cancel each other in the 
lead-in wires themselves, or in the receiver coupling trans- 
former? Explain! (e) What are transposition blocks, and why 
are they used? 

71. A transposed lead-in is led down to the outside of a window. 
The radio receiver is several rooms away inside the house. Ex- 
plain how you would connect this lead-in to the impedance- 
matching transformer at the receiver. 

72. What is the greatest allowable spacing between transposition 
blocks? Under what conditions may this spacing be employed? 
Under what conditions must closer spacing be used? Why? 

73. How far from the side of the building should a transposed 
lead-in be kept? 

74. Does the transmission line have to be run in a straight line 
direct from the aerial to the window where it is to enter the 
building, or may it be run around obstructions which may be in 
the way? 

76. It is important to have both aerial wires of a doublet antenna 
of exactly the same length? If installation conditions do not 
permit the erection of a uniform doublet, what should be done? 

76. Why does an all-wave receiver seem more noisy when operated 
on the short-wave band than when it is switched to the standard 
broadcast band, unless a noise-reducing antenna system is used 
with it? 

77. Is the input impedance of an all-wave receiver higher or lower 
when it is adjusted for the reception of the broadcast band than 
when its range switch is set for a short-wave band? Explain I 

78. Why is a simple doublet antenna not suitable for use with an 
all-wave receiver? 

(a) What advantage does a double-doublet have in this respect? 

(b) Wbat important considerations regarding its length must be 
kept in mind if these advantages are to be realized In practice? 
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80, Explain one practical way of making a donblenioablet antenna. 
83 r 8 tem operate efficiently over the standard broadcast band of 
signal frequencies as well as over the short-wave bands^ withont 
using an excessively long aerial. 

81, It is desired to erect a double-doublet for all-wave reception. 
The longer doublet is to have a fundamental response peak at 6 
megacySes, and also a third-harmonic peak. The shorter 
doublet is to have its fundamental response peak at 16 mega- 
cycles, What must the overall length (in feet >of each doublet 
be for these conditions? 

82, Draw a diagram of this doublet, with the dimensions of the- 
doublet wires marked on it, showing how you would erect It, 

88. Add to the diagram just drawn, the complete internal and ex- 
ternal circuit connections of an antenna transformer unit and 
a receiver-coupling transformer unit which will efficiently match 
the impedance of a twisted-pair lead-in to both the double- 
doublet aerial and the all-wave receiver over the entire short- 
wave spectrum. These units are also to change the connec- 
tions automatically (without need for any switches) m that the 
double-doublet is connected as a T aerial whose impedance is 
effectively matched to the lead-in when standard-broadenst band 
signals are being received, 

84. Explain the operation of the entire system shown in the dia- 
gram drawn in Question 83 for; (a) the lower short-wave band; 
(6) the intermediate short-wave band; (c) the standard broad- 
cast band. 

86. State at least five reasons why a good noise-reducing all-wave 
antenna system is a valuable asset to the service man or dealer 
who demonstrates receivers in his store. 

86. Draw a circuit diagram showing the complete layout for a 
double-doublet noise-reducing all-wave syatem for use in dlemon- 
strating any one of five receivers (one at a time) in a radio 
store. A twisted-pair lead-in is to be used. How many aerial 
impedance-matching transformers are reriuired? How m&ny re- 
ceiver impedance-matching transformers are necessary. What 
type of switch must be used? 

87. An inverted-L antenna whose aerial portion is 8 time# at long 
as its lead-in is located in New York City, It is desired to erect 
it so that it will favor the reception of European short-wave »ta- 
tions. In what general direction should the aerial point? At 
what end should the lead-in be connected? 

88. Repeat Question 87 for the case of a double-doublet antenna, 

89. In what direction should the aerial of Question S7 point if It 
is to be erected so that it picks up as little interferanc# 
possible from a trolley line which runs in front of the building? 
At what end should the lead-in be connected? What type of 
lead-in should be employed if the receiver is to be used for stand- 
ard broadcast band reception only? 

90. Draw a sketch showing the antenna installation conditions out- 
lined in Question 89, 

91. Repeat Question 89 for the case of a double-doublet antenna, 

92. Repeat Question 90 for the double-doublet antenna case. 
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HIGH-FIDELITY RECEIVER PROBLEMS 

31-1. Introduction. — The com m ercial development and 
marketing of “high-fidelity” receivers of both the standard- 
broadcast band and all-wave types has brought about new pro- 
blems in radio service work — special problems which are not en- 
countered in the servicing of the ordinary types of receivers. 
These have resulted from the new circuit and construction fea- 
tures which these sets incorporate in order to make satisfactory 
high-fidelity reproduction possible. In order to solve these 
problems successfully, it is important that the service man be 
thoroughly acquainted with those circuit and construction fea- 
tures of high-fidelity receivers which differ from those encoun- 
tered in the ordinary average radio receiver. He should also 
know their functions and the reasons for their use, so that he 
will understand them thoroughly. Finally, he should know all 
about the special troubles (and their symptoms) which occur in 
these receivers. This information, together with his fundamental 
background knowledge of ordinary service work should enable 
him to solve any high-fidelity receiver service problems suc- 
cessfully. It is the purpose of this chapter to present the special 
information which is required for this purpose. It should be un- 
derstood that the majority of the troubles occurring in these re- 
ceivers are exactly similar to those with which the service man 
is already familiar, and require no special treatment. Such 
troubles as short-circuits, open-circuits, “grounds”, broken down 
condensers, poor or defective tubes, bumed-out windings, etc., 
fall in this class. Also, the test instruments which are used for 
servicing ordinary receivers are adequate for service work on 
high-fidelity receivers— -no special equipment is required. The 
cathode-ray oscilloscope, however, is especially useful for per- 
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forming visual alignment of the i-f stages (see Art, 25-40) and 
also for checking audio distortion (see Art. 26-4S), 

31-2, Frequency Range Required for High-Fidelity Re- 
production. — ^For the full realistic enjoyment of broadcast musi- 
cal programs there is no doubt that a high standard of quality 
of reproduction is necessary — a standard considerably higher 
than ordinary types of receivers provide. Broadcast programs 
consist essentially of the transmission of human speech (both 
male and female) of all sorts of musical compositions rendered 
in many forms ranging from the solo performance and single in- 
strument to the full rendition of a composer's masterpiece by 
a complete symphony orchestra, and of incidental ^*8ound ef- 
fects" which are broadcast as parts of programs, or as **air sig- 
natures" for purposes of ^'auraF' station identification, etc. 

If realistic reproduction of these sounds is to be accomplished 
by the radio receiver, at least one requirement is that the entire 
receiver taken as a unit (including the loud speaker) shall leave 
unchanged (within permissible limits) the envelope forms of the 
received waves. Another way of saying this is that the receiver 
shall pass, amplify and reproduce without discrimination (with- 
in permissible limits) the entire band of audio frequencies in- 
volved in these programs. Let us see what these frequency limits 
are. Average male speech involves necessary frequencies from 
about 120 cycles up to some 8,000 cycles per second. The aver- 
age female voice is capable of producing sound frequencies from 
about 200 cycles to 10,000 cycles. Orchestral music involves im- 
portant components as low as 20 cycles and as high as 12,000 
cycles or more, but there is no appreciable impairment of the 
tone quality if all frequencies above 10,000 cyclw are not repro- 
duced. However, a considerable impairment results in the re- 
production of music and many of our common sounds if caf-ojf 
occurs at 5,000 cycles. Noises such as the rattling of k^ys, the 
tearing of paper, etc., contain appreciable components as high as 
16,000 cycles, but while a cut-ofif at 10,000 cycles does affect the 
naturalness of their reproduction, it does not make it impossible 
to recognise the noise. 

In view of these figures, it would seem that ^^realistic” high-* 
fidelity reproduction of all these types of sounds and programs 
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could only be obtained if an audio-frequency range extending 
from about 20 to 10,000 cycles were transmitted and reproduced. 
This is an audio-frequency range almost S times as large as the 
reproduction range of the average ordinary “good^^ console re- 
ceiver which was available up to the time of the advent of high- 
fidelity receivers. This is illustrated graphically in Fig. 31-1. 



Pig. 81-1.— "The average audio reproduction ranges of various 
classes of radio receivers are shown here. They are arranged so they 
may be compared to the full frequency range of orchestral music. 

For practical reasons, the manufacturers of radio receivers have 
not seen fit to extend the reproduced audio range fo these extreme 
limits. Instead, the HMA (up to the time of this writing) has 
defined a high-fidelity receiver as: 

**on6 which has an audio reprodicction range from 60 to 7,600 
cycles, with a harmonic distortion content not to exceed 6 per 
cent, and a volume range of reproduction of at least TO db/* 

It is held that a wider frequency reproduction range than 
this is not necessary^ since only a musically-trained lis- 
tener can recognize the difference between reproduction which 
includes only those sounds between about 40 to 7,600 cycles and 
that which includes the larger range from 20 to 10,000 cycles. 
Since only a very small percentage of the listeners to radio 
broadcast programs are so trained, it is felt that the reproduction 
range from 60 to 7,600 cycles provides an acceptable standard. 




3.168 


MODERN RADIO SERVICINC; 


CH.XXXI 


The comparative average frequency ranges of orchestral 
music, high-jS.delity receivers, good '*ordinary'^ console receivers 
and midget receivers are shown graphically in Fig. 31-1 for com- 
parison. Notice what a small part of the orchestral range the 
midget receiver is able to reproduce (only about % of it) . Due 
to the small loud-speaker baffle area of a midget cabinet (and 
also the poor overall electrical characteristics), the low fre- 
quencies are sadly missing. To compensate for this and effect a 
balanced tone, the highs are badly cut off (purpt)scly) by the 
set manufacturer. While this type of set has a mellow tone, 
the brilliant highs and rumbling lows which give life to music 
are lacking. 

31-3. Volume Range Required for High-Fidelity Repro- 
duction. — The foregoing facts show that a high-ffdelity receiver 
should be constructed so as to be able to amplify and reproduce 
the entire range of audio frequencies from 50 to 7,500 cycles with 
no more than 5 per cent of harmonic distortion. However, in 
contrast to a somewhat popular notion, true high-fidelity repro- 
duction requires more than mere wide-frcquency response and 
freedom from distortion. It must also have a large volume range 
(at least 70 db.), that is, it must be able to handle and repro- 
duce (without more than the allowable amount of distortion) 
the full range of volume from the softest passages to the loudest 
crescendo of a philharmonic orchestra. 

Amplifiers and loud speakers are limited in the amount of 
power that they can deliver in undistorted form. Harmonic con- 
tent is primarily a function of the tubes used and their operation. 
When properly used, an amplifier tube is practically a linear de- 
vice (at the point of departure from linearity, harmonics are 
produced). Therefore, in order to meet high-fidelity require- 
ments, proper vacuum tubes correctly operated so that not over 
5 per cent harmonic distortion results at the highaet power mdput 
normally required, must be employed. If an attempt is made 
to force an amplifier to deliver more than its maximum undis- 
torted power rating allows (this might occur in an ordinary re- 
ceiver when the orchestra suddenly bursts into a loud passage) , 
overloading occurs. This results in a flattening of both the tops 
and the valleys of the wave, i.e., above the overload point, ttie 
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power output does not increase in proportion to the power input. 
In cases of very bad overloading, a distinct rattle is heard in the 
resiUtant sound, very much as if the diaphragm of the loud 
speaker were loose. This flattening of the wave tops results in 
an addition of harmonics to the pure tone, and actually causes 
the introduction of frequencies which were not present in the 
original sound, when two or more tones are being reproduced 
simultaneously.* This form of overload distortion, called non- 
.Linear, is extremely disagreeable and of course cannot be toler- 
ated in high-fidelity receivers. From a standpoint of the result- 
ing sound, a similar effect results from overloading a loud speaker. 

It is evident, therefore, that both the amplifier and loud 
speaker are limited in the maximum power that they can handle 
satisfactorily without producing too much distortion- This limi- 
tation in their maximum undistorted power output capabilities 
may limit the quality of the reproduction in two respects. First 
it may limit the loudness range obtainable without distortion. 
Second, it may prevent the loudest tone of the reproduction from 
being as loud as the sound reaching the ears of a member of the 
audience sitting in an average audience position, i.e., it may 
cause the louder parts of the reproduced program to be insufiB- 
ciently loud thereby robbing it of its full naturalness. Conse- 
quently, the entire audio system including the loud speaker must 
be designed and maintained so that it is capable of handling the 
volume range required for true high-fidelity reproduction. Let 
us see what this volume range is. 

The volume range of properly reproduced speech is about 
40 db; that of a symphony orchestra, or of a vocal concert is of 
the order of 55 to 65 db. This represents a sound intensity range 
►of from 700,000:1 to 7,000,000:11 It is readily seen that this 
is a considerable range and calls for almost unbelievable versatil- 
ity in the audio equipment. The loud speaker, for instance, which 
must be so delicate that it is able to operate and produce the 
sound of a faint whisper must also be rugged enough to produce 
a sound seven million times as intense I The volume range (from 

‘♦'NOOT; For a more detailed discussion of the various types of 
distortion which occur in audio amplifiers, see the Badio PhyBteM 
by Ghirmrdi. 
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the noise level to the overload level) of the majority of ordinary 
console type radio receivers is of the order of 30 to 40 db. Evi- 
dently, this is not sufficient for the true rendition of orchestral 
music. The volume range of high-fidelity receivers is 70 db. 
This* is adequate to handle all orchestral programs without over- 
loading. 

31-4. Noise Level in High-Fidelity Receivers. — In order 



Fig. 81-2. — The effective audio-frequency ranges of line noises and 
**static'^ are shown here in comparison with the reproduction fre- 
quency ranges of the three comxnon classes of radio receivers. Notice 
that since the reproduction range of high-fidelity receivers falls within 
the range of line noises and static (Doth man-made and naturiid)|. 
they are afi^ected more by these disturbances than are the other two 
classes of receivers which have a more limited audio range. 

to fully enjoy the reproduction produced by high-fidelity re- 
ceivers, natural and man-made disturbances should be absent. 
The greater the fidelity of the receiver, the more vigorously must 
this requirement be fulfilled. The reason for this is clear. Line 
noises and hum produced by incomplete filtering in the power 
pack occur in the lower audio-frequency region up to about 100- 
or 120 cycles. A consideration of the frequency ranges of the 
various classes of receivers (see Fig, 31-1) shows that sine© hi#i- 
fidelity receivers reproduce well down to fiO cycles they are likely 
to reproduce any such noises very strongly — ^noises that would not 
be heard on ordinary console or midget receivers wh<»© low-fre- 
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quency cut-offs are around 100 cycles and 250 cycles respectively. 
The same condition exists at the upper end of the frequency 
range. It is well known that man-made electrical interference and 
natural ''static^' disturbances have most of their energy in the 
upper regions of the audio spectrum between around 3,000 or 
4,000 cycles and 16,000 cycles. While the reproduction of most 
ordinary console and midget receivers cuts off below this range, 
high-fidelity receivers reproduce well everything right up to 
7, 500 cycles—including of course, all such noises. This condi- 
tion is illustrated in Fig. 31-2 which shows not only the audio-fre- 
quency ranges of the various classes of receivers but also the 
usual audio-frequency ranges of both line noises, static and elec- 
trical interference. 

It is true that high-fidelity receivers are provided with means 
for restricting the frequency response at will, in order to cut out 
the high-frequency noises when they are objectionable, hut of 
course this also reduces the fidelity of the reproduction. There 
is not much use in purchasing a high-fidelity receiver for the 
purpose of securing high-fidelity reproduction if the receiver 
must actually be operated with its reproduction range restricted 
because of disturbing interference! It is evident then, that in 
high-fidelity receiver installations every attempt must be made 
to keep the noise inherent in the receiver equipment itself, as 
well as that which enters it from external sources, as low as 
possible. The many practical causes which result in internal 
receiver noise were discussed thoroughly in Art. 30-8 of Chapter 
30 and should be reviewed at this time. If annoying hum is ex- 
perienced, particular attention should be paid to the rectifier 
tube and the filter condensers, for any trouble with them will 
cause far more hum in high-fidelity receivers than in 
ordinary receivers. Man-made electrical interference reaching 
the receiver, either by way of the power-supply line or the an- 
tenna circuit, must be effectively reduced to a very low level if 
high-fidelity reproduction is to be enjoyed. This phase of the 
subject has already been treated exhaustively in Chapter 30, so 
it will not be repeated here. The use of effective noise-reducing 
antenna systems in noisy locations is very important. 

The Tuned R-F Circuits of High-Fidelity Receivers. 
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The tuned r-l circuits of a high-fldeiity receiver da not differ 
materially from tiiose employed in ordinary receivers. Tlie only 
iiiiportant additional requirement demanded of them is that 
they have a sufficiently broad acceptance band to admit all the 
sidebands (7% kc on eacli side of the carrier) necessary for high- 
fidelity reception. The antenna circuit of any receiver is usually 
sufficiently broad to admit more than the highest side bands de- 
sired for high-fidelity reproduction, but the first r-f stage is 
usually sharper. This condition, however, is eonipensated for 
by the decreased drop in the i-f transformer at the peaking fre- 
quency. Referring to (A) of Fig. 31-3, it is seen that the re- 
sponse curve of an over-coupled i-f transformer has a dip in the 
center. This means that the low-frequency ampliheation is less 
than the high-frequency response, and so comi)(uisat(‘H for the 
selectivity of the r-f circuit as far as high fidelity is concerned. 
In any event, there are but two or three tuned circuits in the r-f 
amplifier, which generally are sufficiently broad to admit the 
higher side bands desirable for high-fidelity reception. 

If the receiver is a standard-broadcast band type, simple r-f 
coils are employed. If it is of the all-wave type, the usual coil- 
switching arrangements which are employed with such receivers 
will be found (see Art. 28-17). 

31-6. The Oscillator in High-Fidelity Receivers, — The 
most important requirement which the oscillator in a high- 
fidelity receiver must meet, is that it be stable, i.e., that its fre- 
quency does not drift. The stability of oscillators was discuseed 
in detail in Art. 16-28. Oscillator stability is even more im- 
portant in high-fidelity receivers than it is in ordinary receivers 
if real high-fidelity performance is desired. If the oscillator 
frequency drifts after a station is tuned in, poor audio quality 
will result. The illustration in Fig. 31-3 will aid In understmd- 
ing this. Suppose a high-fidelity receiver which employs an i-f 
of 260 kc is tuned exactly to a station so that the frequency of 
the signal in the i-f amplifier is equal exactly to 260 kc, the fre- 
quency to which the i-f stages are tuned. The condition ii tbien 
as shown at (A), where the signal is shown by the shaded por- 
tion. The response curve jB of the i-f amplifier is broad enough 
to allow the necessary 15 kc band of signal frequencies (7% kc 
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above 260 and 7% kc below 260) to pass through without ap- 
preciable attenuation, and good reproduction results. Now sup- 
pose that as the set warms up, the oscillator frequency drifts 
(upsetting the tracking between it and the r-f signal circuits) 
to such an extent that the frequency of the signal which exists 
in the i-f amplifier is say 267.5 kc (in general, oscillator drift 
due to warming up causes the i-f to become higher than nor- 
mal). The condition is now as represented at (B) where the sig- 


Fig. 81 - 8 . — The effect of 
frequency drift of the os- 
cillator (in a high-fidelity 
superheterodyne receiver) 
on the fidelity with which 
the signal is reproduced. 




nal side bands are again shown by the shaded portion. Since 
the i-f signal frequency has been shifted over 7% kc to the right, 
one of the side bands falls outside of the i-f resonance 

curve a good deal and is therefore greatly suppressed. Only the 
lower 7%-kc side band gets through with full strength! However, 
the low frequencies of the suppressed side band might still be of 
sufficient amplitude so that when they are added to the passed 
side band the balance is upset and the set sounds ‘*boomy”. If 
the drift were even greater than this, the low frequencies would 
be suppressed altogether, and high-pitched '^oreechy^' reproduc- 
tion would result. 

It is apparent from this typical example that it is essential 
that the oscillator frequency remain stable. The oscillator must 
therefore be of such design that warming up (especially of the 
converter tube), change of line voltage, change of load, etc., will 
not cause any change in its frequency. One manufacturer has 
taken a step back to former superheterodyne design in order to 
minimize this trouble. Instead of performing the oscillator and 
mixer functions in a single tube, a separate oscillator tube coupled 
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to a peixtagrid converter tube, as shown in Fig. 31-4, la used in the 
Stromberg Carlson 70 Series all-wave high-fidelity receivers for 
stability. This novel circuit arrangement is likely to become 
popular for this purpose. A Y6 tube is used as a tuned-grid os- 
cillator, and a 6A7 is used as the modulator. The plate of the 
’76 tube is coupled to the inner grid of the 6A7 through a small 
condenser Ci. The No. 2, 3 and 5 grids are by-passed by con- 
denser Cf. The ar- 
rangement really 
amounts to an elec- 
tron-coupled oscilla- 
tor I This circuit will 
not be very strongly 
afiected by t€m|>era- 
ture changes in the 
6A7, or by extremely 
strong incoming sig-^ 
nals. Because the 
6A7 tube serves only 
as a modvXaiOT In this 
circuit (the triode 
portion do^ not 
serve as the oscilla- 
tor and the pentode 
portion as the modu- 
lator as is the case 
when it is used for 
the dual purpose), 
maximum freedom is 
secured from detrimental coupling which would otherwise occur 
between the elements. Since in this arrangement, the inner grid 
of the 6A7 is shielded from possible capacity feedback due to 
capacity coupling between the modulator ©rid and imier ©rid, 
strong signals are prevented from feeding back to the oscillator. 

Of course, from what has already been said it is clear that 
proper tracking of the oscillator is very important in hi^-fidelity 
receivers so that the signal in the i-f amplifier will always be of 
such a frequency that it will fall exactly ha the center of Ite re-^ 



Fig. 31-4, — Oscillator and modulator cir- 
cuit arran^ment employed in a commer- 
cial high-fidelity receiver for stability and 
freedom from frequency drift, (Strcm-‘ 
berg Carlson TO Series*) 
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spouse curve (see (A) of Eig. 31-3) when properly tuned in. If 
the tracking is of£, the condition similar to that shown at (J5) 
will result, and the reproduction will be anything but high- 
fidelity, In addition, the troubles due to image-frequency inter- 
ference, etc., which were discussed in Art. 25-10 may also follow. 

31“7. The Station Interference Problem in High-Fidelity 
Receivers, — ^The intermediate-frequency amplifier of a high- 
fidelity receiver is the first unit whose design is essentially dif- 
ferent from that of the corresponding unit in an ordinary re- 
ceiver. This difference is brought about by selectivity problems 
which must be met with in these receivers. The usual high-fidelity 
receiver as it is being built at this writing, allows a maximum 
passage of frequencies of 7% kc on both sides of the carrier — so 
that the total band is 15 kc. Now in the United States, all sta- 
tions with an air-line range of over 100 miles have a frequency 
separation of 10 kc. The so-called local stations, however, (those 
within a radius of 100 miles) have a frequency separation of 
SO kc in order to make possible the broadcasting of 7,600 kc wide 
high-fidelity programs with limited power during the daytime 
if desired. 

When the receiver is operated with its full 15-kc broad tuning 
in order to obtain high-fidelity performance, no selectivity diffi- 
culties usually appear when local stations are being received, 
because the 50 kc separation between them is sufficient to prevent 
overlap- However, a powerful distant station whose carrier fre- 
quency differs from that of the local station by less than 15 kc 
may appear in an adjacent channel with a loudness which is ap- 
preciable by comparison. In this case, the high-fidelity receiver 
with its wide open input channel will accept the full program 
of the station to which it is tuned, as well as parts of the side- 
bands of the interfering station, resulting in a condition such that 
the signal from the unwanted station is inverted thereby making 
the low notes sound like high notes and vice versa. This cross-talk 
is commonly known as monkey chatter since it usually appears 
as a series of high-pitched twitterings. In addition, there may 
be a steady high-pitched whistle due to the beating together of 
the carriers of the two stations. The frequency of this beat is 
equal to the difference between the carrier frequencies of the 
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two stations. This is really station interference of a *^hetero- 
dyning” nature 1 Another annoying type of station interference 
is that of the reception of the signals of foreign stations, some of 
which broadcast on frequencies midway between the regularly 
assigned U. S. station channels. These foreign signals beat with 
those of the local station and cause a 6-kc beat note. 

Whether interference from these causes is audible or not, 
depends upon the relative strengths of the carriers of the desired 
and the interfering signals when they reach the second detector. 
If the carrier of the wanted station is sufllcienily stronger than 
that of the interfering station, the interference, altiiough still 
present, will be below audibility and so will nut be hcard-other- 
wise it will be heard. The extent to which the interference must 
be weaker than the wanted signal for it to be inaudible depends 
upon the volume level at which the receiver is operated, and 
may be as much as 60 db. 

31-8. Why the Station-Interference Problem is Usually 
Solved in the I-F Amplifier. — It is evident tliat the selectivity 
problem is one of supplying adequate selectivity somewhere in 
the receiver to prevent the station signal interferences just de- 
scribed. First of all, it should be understood that the selectivity 
of a superheterodyne receiver lies largely in the i-f amplifier. 
Therefore, it is natural that designers should turn to the i-f am- 
plifier for a solution to the problem. For high-fidelity reprodtic- 
tion, the i-f amplifier response should be such that it passes (uni- 
formly) a 16 kc band of frequencies (7V^-ko above and 7^4-ko 
below the i-f). However, for sufficient selectivity to prevent 
interference when receiving distant stations, much sharper tim- 
ing is required. This is obtained in ordinary receivers by con- 
structing the i-f transformers so that the primary and secondary 
of each one is loosely coupled for high selectivity, permitting a 
band of frequencies only about 2-kc above and 2*ke below the 
i-f to pass through it. If this kind of an amplifier is used in a 
high-fidelity receiver, the selectivityVill be good but the fidelity 
will be extremely poor due to the cutting of side bands. The 
receiver will then have an audio-frequency range of only S,000 
or 4,000 cycles instead of the 7,500 cycles required. 

It is clear that the conflicting nature of the selectivity and 
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the fidelity requirements permit no satisfactory compromise to be 
made at the receiver. No high‘-fidelity receiver with fixed select 
tivity characteristics will give the best results under all reception 
conditions, for high-fidelity reception and extreme selectivity 
simply do not “mix'\ In order that high-fidelity receivers shall 
be able to provide both distant-station reception (not high- 
fidelity) without interference, and high-fidelity reception of local 
stations when desired, the selectivity (and hence the frequency 
response) must be made variable. A control must be provided 
so that the set owner can contract the frequency response or 
admitted band^’ at will to provide maximum selectivity for dis- 
tant station reception (or reception under interference or noisy 
conditions), and open or expand the band for high-fidelity local 
station reception. When ^'expanded’^ the full audio response of 
the broadcast station is permitted to pass through. 

Of course, the fidelity of the reproduction on distant stations will 
suffer, but nothing can be done about that under our present broad- 
casting conditions. It is much more desirable to listen to uninter- 
fered-with but fair reproduction than it is to listen to high-quality 
reproduction that is broken up by adjacent-channel interference and 
monkey chatter » 

31-8A. Several of the Methods which are being Employed 
to Solve the Station-Interference Problem. — ^Various receiver 
manufacturers have attacked this selectivity problem in different 
ways. 

At the time of the present writing, Philco, Stromberg-Carlson 
and Zenith high-fidelity receivers use an arrangement which enables 
the frequency response of the i-f amplifier to he varied (continuously 
without jumps) at will, so that Just enough selectivity may be had 
at any time. Atwater Kent receivers employ a system controlled by 
a two-position switch, providing two degrees of selectivity (maacimum 
and mtmmumy* In at least one General Electric receiver, the entire 
i-£ amplifier is cut out of the circuit and the r-f amplifier feeds direct- 
ly into the second detector when high-fidelity local-station reception 
is desired. In at least one Howard receiver, separate i-f amplifiers 
are used for high-fidelity and distant reception, and the tone response 
Is further enhanced through the use of separate audio amplifiers for 
high and low frequencies. 

31-9. How the Selectivity of the I-P Amplifier may be 
Varied.— There are two general ways of accomplishing the de- 
sired variation in selectivity of the i-f amplifier. One is mech- 
anical, the others are electrical. 

Up to the time of this writing, the electrical arrangements 
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have been used exclusively on commercial receivers manufactured 
in the United States. However, since it is likely that the mech- 
anical arrangement will also be used in huuk* receivers in the 
near future, this will also be described hero. 

The arrangement that is mechanical in nature utilizes the fact 
that the selectivity of a tuning transformer may be incremsed or de- 
creased merely by loosening or tightening the magnetic coupling be- 
tween the primary and secondary coil. This may be accomplished by 
simply moving the primary and secondary further apart or closer 
together. Thus, if we consider the typical tuned l-f transformer shown 
at (A) of Fig. 81-6, we may first adjust the tuning trimmer condenser 
across each coil, (separately), with very small couplixig between the 
coils, until each coil is tuned exactly to the i-f desired, let us say 176 
kc. The tuning or response curve will then be very narrow, as shown 
by curve 5, at (R). This would be the desirable rasponsa if station 
interference were present. If the coils are now brought closer to- 
gether so as to increase the magnetic coupling between them, th« 


m 7 
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r 



Fig. 81-6. — How the frequency-re- 
sponse characteristic (R) of an i«f 
transformer may be varied at will by 
varying the distance between the 
primary and secondary windings shown at (A) 



Two extremes of 


coupling desirable in an l-f transformer suitable fox use in a high- 
fidelity receiver are shown at (R). The tuning characteristic labeled 
R provides high selectivity but poor high-note reproduction; that 
labeled H provides less adjacent channel selectivity out better audio 
fidelity. 


characteristic broad double-humped response curve represented by M 
results. This would be the desirable condition for high fidelity re- 
sponse! Of course, any response condition between the two can be 
easily obtained by moving one coil closer to, or further away from 
the other. The exact manner in which the response curves actually 
vary in a commercial unit of this type (the one illustrated tn Pig. 
81-7) is illustrated by the family of response curves plotted in Pig. 
81-6. The spacing S which existed between the primary and secon- 
dary coil when each response curve was taken Is indicated- Notdee 
that when the spacing was lU, inches, response curve A (which ti so 
sharp that a total hand of frequencies only about 6 kc wide is passed) 
was obtained. At a closer spacing of %:-lncbei (curve C) the chaue^ 
acteristic douhle-hump response begins. At the ctose spsicing of 0/16- 
inches (curve P) the double-hump Is very pronounc^, and the fte- 
quency response is very broad. 
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The actual commercial intermediate transforraer unit upon 
which these response curves were taken is illustrated in Fig. 31-7. 
In it, one of the two coils of the regulation intermediate-frequency 
transformer is rendered movable so that the coupling between 
the two coils can be varied at will. This is accomplished by means 
of a threaded rod which engages with a suitable threaded sleeve 
on the movable coil support. By rotating this rod, the movable 
coil is caused to move 
nearer or further 
away from the sta- 
tionary coil so that 
variable coupling is 
available to decrease 
or increase the width 
of the frequency band g 
allowed to enter the § 
receiver. It is pos- y 
sible to mechanically ^ 
connect this rod to a > 
control on the panel 
80 that this function 
may be adjusted as 
the occasion requires 
from the front panel 
where all the other 
controls are placed. 

The air - dielectric Oowumv Hwmmurvund Mfg. co 



type condensers which 
tune the primary and 
secondary coils to the 
proper i-f are visible 
at the top and bottom 
of the unit. 


Fig. 31-6. — Family of frequency-re- 
sponse curves which show the selectivity 
characteristics obtained when the prim- 
ary and secondary windings of an actual 
i-f transformer are separated by the dif- 
ferent distances indicated. These curves 
were taken on the commercial variable 
i-f transformer unit illustrated in Fig. 
ai-7. 


When aligning the i-f stages of a receiver which employs 
transformers of this type, it is important that the coupling be 
as loose as possible during the lining-up process, otherwise diffi- 
culty will be encountered in securing a symmetrical resonance 
curve. With loose coupling, a single peak will be obtained, and 
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the i-f may be adjusted to the desired frequency. Alignment is 
greatly facilitated and can be done much more accurately if a 
cathode-ray oscilloscope is employed to gi^ve a visual picture 
of the i-f response. It is interesting to note that a mechanical 
device for panel control of coupling may be employed. AI! the 
i-f transformers in the receiver are adjusted to the same fre- 
quency, and the coupling controls are ganged to a single shaft 
for variable control of fidelity from the receiver panel, 

A second method of varying the frequency responsf* of the 
i-f transformers is essentially electrical and is shown in Fig. 

31-8. This method lias been employed 
successfully in Philco and Stromberg 
Carlson high-fidelity receivers. The 
intermediate tranaformerB have three 
coils each, instead of the conventional 
two. Coil A is the usual tuned prim- 
ary; coil B is tiie usual tuned secon- 
dary, the coil C ia a special winding 
which when tuned by its eontienser Cg 
forms an absorption circuit, which is 
tuned to the exact cemter of the i-f 
band. Since this circuit is timed to 
the same frequency as the stK‘on<lnry 
B and the primary A, and is closely 
coupled to them (in fact this winding 
serves as a link circuit to transfer the 
i-f energy from primary A to secon- 
dary B to wliich it is inductively 
coupled), it will absorb energy from 
these circuits and thus introduce i-f re- 
sistance. However, it is possible to 
adjust the setting of the 8,775-ohm variable resistor in the cir- 
cuit of coil C, this resistor being ganged to a similar unit in the 
second i-f transformer circuit and also to a bias control resistor 
in the first detector and the first i-f cathode circuits. 

When maximum resistance is in the circuit, coil C has a rela- 
tively small efect on the normal circuit operation, and the re- 
sponse of the unit is narrow for maximum selectivity, (approxim- 



Oottrt0av Hammarlund Mfff. Oo. 

FiO. Sl-V. — An i-f trans- 
former unit which pro- 
vides variable coupling 
and response by mechan- 
ical means. The distance 
between the primary and 
secondary windings may 
be varied by means of a 
threaded rod to change the 
coupling. 
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ately 4,000 cycles wide). As the resistance is lowered, circuit C 
absorbs more and more energy from the adjacent windings. This 
reduces the gain and increases the width of the response of the 
transformer to admit the high frequencies for high-fidelity re- 
production, But, since the gain also decreases as the response of 
the transformers is widened, the bias control for the first de- 
tector and i-f stages is ganged to the ‘^fidelity contror' shaft and 
operates simultaneously with it. When the receiver is operated 
so as to have a wide frequency response for good fidelity, the bias 


Fig. 31-8. — An elec- 
trical circuit arrange- 
ment which is em- 
ployed for varying the 
width of the frequen- 
cy response character- 
istics of the i-f trans- 
formers in high-fidel- 
ity receivers. 
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on the first detector (by means of resistor R in Fig. 31-4) and 
first i-f stages is reduced to raise the gain to that obtainable, 
when the receiver is adjusted to provide sharp tuning (a total 
band width of about 4,000 cycles). 

Tuning is necessarily critical when operating the set at the 
maximum selectivity setting. A tuning meter driven by a special 
grid-leak detector, used just for this purpose and driven from 
a separate winding, on the second detector input coil as 
shown in Fig. 31-9, is therefore used, indicating resonance ir- 
respective of the fidelity control setting. 

A third method of varying the band width of the i-f trans- 
formers is to shield the primary from the secondary (using them 
simply as inductances) and couple the two by means of a vari- 
able condenser, C, somewhat as shown in Fig. 31-10. When C 
is set at its minimum coupling-capacity setting, the constants of 
the circuit should be such that the band width is about 4,000 
cycles for shajp tuning; with the maximum capacity of C in the 
circuit, the frequency response band width should be about 15 kc. 
wide, so as to be suitable for high-fidelity reception and repro- 
duction. 
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The foregoing descriptions represent the three fundamental 
methods of varying the band width of the i-f transformers used 
in high-fidelity receivers to suit the reception conditions at any 
time. No doubt, improvements in design and modifications of 
these will appear from time to time, but the general ideas upon 
which these operate will undoubtedly be utilized. For instance, 
in the Stromberg Carlson 70 series high-fidelity receivers which 


Fig. 81-9. — Circuit ar- 
ranrement for driving* the 
tuning meter hy a special 
grid-leak detector tube T , 
operated by winding 
that the correct response 
will be indicated regardless 
of the setting of the ‘^lldelity" 
control. 
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employ the second arrangement, a switch is also provided in series 
with each of these “fidelity contror' resistors. These switches (in- 
corporated in the variable resistors) automatically open the ab- 
sorption circuits entirely when the fidelity control is turned coun- 
terclockwise as far as possible to make the variable resistor 
maximum, 

31-10. Iron-Core i-f Coils. — ^There has recently been made 
available a specially treated ferrous metal suitable for use for 
the cores of high-frequency coils. This core material consists* 
essentially, of specially prepared finely-divided ferrous metal par- 
ticles held together by a suitable binder. The material is poured 
into molds and pressed into the desired shape. 

These special cores have comparatively low losses at radio 
frequencies, and when used as the core for a coil, result in a 
material reduction in the overall coil resistance because of tihe 
small amount of copper wire required for the coil. It will be 
recalled that the inductance of a coil is directly proportional 
to the permeability of its core material. Since the inductance 
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of a coil is also nearly proportional to the square of the number 
of turns, it is possible to reduce the number of turns according to 
the square root of the permeability of the core, and hence make 
the coil much smaller in physical dimensions for a given induct- 
ance. 

The use of coils having these special magnetic cores possesses 
a unique advantage in high-fidelity receivers. If the core be main- 
tained in a fixed position with respect to one coil, say the primary, 
and if the secondary first be placed with respect to the primary 
so that zero magnetic coupling exists, then only a slight motion of 
the secondary is required to widen the frequency response of the 
transformer as a whole. The efiect of this small change in posi- 
tion of the secondary is due to the fact that the iron core con- 
centrates the flux of the coil to the immediate space surrounding 
the coil, and but a small motion of the secondary is required to 
bring it within the field of the primary. Thus, a control of the 
i-f band width may be obtained by moving the secondary coil 
slightly. 

It is interesting to note that some years ago iron cores were 
used to increase the resistance of tuned circuits so that they 
could respond over the entire broadcast band (500 to 1,500 kc) 

Fio. 81-10. — Capac- 
itively-coupled circuit 
arrangement which 
may be employed for 
controlling the fidelity 
of a high-fidelity re- 
ceiver# The primaiy 
and secondary wind- 
ings are here used 
merely as inductances 
capacltively coupled 
together. 

without any tuning whatsoever. This effect was due mainly to the 
eddy current loss in the iron (which varies approximately as 
the square of the frequency). But by using the special finely- 
divided iron particles mentioned here, the eddy-current losses 
have been reduced to a very small value. This, together with the 
fact that the resistance of the wire of the coil is also less because 
lees wire is necessary for a given inductance when the iron core 
is employed, has made it possible to produce iron-core i-f trans- 
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formers which actually have less r-f resistance than similar ones 
of the air-core type — with a great saving in the space occupied. 

31-11. The Second Detector. — ^l^here are several reasons 
why the second detector of a high-fidelity receiver should be a 
linear detector. Since many of the advantages of linear detec- 
tion for these receivers are not generally known, they will be dis- 
cussed here. To begin with, all detectors, regardless of type are 
really square law in action (like a grid-leak condenser detector) 
for weak signals, and linear in action when the applied signal 
voltage exceeds a certain value. The value of this voltage varies 
with the type of detector, and with the values of the components 
used in the individual circuit. 

A square law detector has the following characteristics, 
which will be compared with those of the linear detector: 

(1) The audio output of the fundamental is propor- 
tional to the product of the carrier and the side band am- 
plitudes. 

(2) The d-o component of the plate current is propor- 
tional to the square of the carrier voltage and for large per- 
centages of modulation it is affected by the audio modu- 
lations. 

(3) The per cent second harmonic distortion is equal to 
26% of the per cent modulation. 

The following are the corresponding characteristics of the 
linear detector: 

(1) The audio output at the fundamental is proportional 
to the side-band amplitudes only, and is independent of the 
carrier amplitude. 

(2) The direct-current output is proportional only to the 
carrier, and is independent of the audio modulations, 

(3) No harmonics of the audio signal appear. 

We will now discuss the significance of these characteristics as 
they apply to receiver design, especially high-fidelity receivers. 

Suppose a receiver has a certain amount of residual noise 
generated either internally in the set itself or by some external 
man-made device. This noise will be amplified by the tub«i and 
associated circuits and heard in the loudspeaker. This 
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residual noise is usually of a high frequency. Whether it in- 
creases or remains constant when a louder signal is tuned in, 
depends upon whether the second detector is of the square law, 
or the linear type. 

It is easy to conceive of this noise as being part of the audio 
modulations of the signal; in other words, consider noise just 
as if it were one of the audio signals modulating the carrier. 
What happens to it, therefore, depends upon the type of second 
detector. If it is a square-law detector, then, as mentioned in 
(1), the audio output is proportional to the product of the am-^ 
plitude of the carrier and of the side bands, which means the 
product of the signal carrier and the noise. The stronger the car- 
rier is (the louder the signal) the louder will be the noise, because 
the noise output is proportional to the product of carrier and 
noise (we are considering the noise as part of the side band of 
the signal). On the other hand, if a linear detector is used, the 
audio output is proportional only to the side-band amplitudes; 
hence the noise will not increase as the signal strength is in- 
creased, because its value is constant. 

This same condition may be viewed from another angle. 
Suppose the signal and noise voltages remain constant and the 
sensitivity of the receiver is gradually increased from a low value 
by, say, decreasing the bias on the r-f and i-f tubes (a com- 
mon form of volume control, especially in avc circuits). If a 
squareAaw detector were used, the noise would naturally increase 
with the sensitivity, and the signal strength would likewise in- 
crease with the square of the sensitivity. However, if a linear de- 
tector were used, the noise output would remain constant. 
The second characteristic mentioned here is important when the 
plate current of the detector is used for avc control. 

The d-c plate current of the square-law detector is propor- 
tional to the square of the carrier voltage and to the per cent 
modulation of the signal (see Art. 15-24, Chapter XV, for the 
significance of per cent modulation). At high percentages of 
modulation, the plate current varies with the modulation. Thus, 
for a 1Q0% modulated signal, the plate current will be twice 
that for no modulation, and the grids of the avc-controlled tubes 
will be twice that for no modulation. This corresponds to a 6 db 
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drop iDL audio output if variable-inu tubes are used, which is 
quite appreciable in a high-fidelity receiver. On the other hand, 
in a linear detector the d-c plate current is independent of the 
side bands, and hence is not affected by the per cent modulation 
or any noise voltages. 

The third and final important characteristic is the second har- 
monic distortion in the plate circuit of the detector. We saiil that 
in a square law detector this distortion is 25% of the per cent 
modulation. Thus, a 100 % modulated signal will have present in 
its output second harmonics equal to 25% of the fumiamentai. 
If the per cent modulation is 75, a common valtie, then the sec- 
ond harmonic distortion would be 75/4, or 19% (nearly). The 
truly linear detector has no distortion of this form when the 
modulation does not exceed 100% — ^the highest value obtainable 
with no transmitter distortion. 

This latter characteristic is important when the characteris- 
tics of high-grade transmitters are considered. The ‘^coverage” 
of a transmitter is almost a direct function of its per cent mod- 
ulation, so that it is the object of nearly all good stations to 
have as high a per cent modulation as possible. Thus, for a 
given signal strength at the receiver, a square-law detector will 
give more distortion on the better stations than on the poorer 
ones I With linear detection, the distortion will be independent 
of the per cent modulation, and thus will truly reproduce what- 
ever is fed into it. 

Now it was pointed out previously that it is desirable to have 
powerful transmitters for high-fidelity receivers. This advantage 
is evident in the light of the detector characteristics prwentcNl 
herewith. With a fixed noise level, the point at which any de- 
tector becomes linear depends upon the si^al strength. With 
sufficiently weak signals, the detector, regardless of type, is 
square law in action; and, as pointed out in (1), the noise voltage 
in the plate circuit will increase with carrier voltage. At a cer- 
tain carrier voltage, the detector becomes linear, and the noise 
ceases to be amplified as the carrier is increased, thou^ the 
actual modulations of the signal increase simply because the 
signal strength is greater. Therefore, with a stomg carrier ac- 
tuating the detector, the point of linearity' is arrived at with 
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comparatively small amplification of the noise. Of course, 
this results in a greater signal-to-noise ratio. This is commonly 
referred to as ^'demodulation of noise at the detector^'. 

This same reasoning applies to the case of a weak and a 
strong signal reaching the detector. In a linear detector, the 
weak carrier is demodulated by the strong one, so that only the 


Fig. 31-11- — Graphs 
showing the relative 
amplification of noise 
and signal voltage in a 
receiver which employs 
a linear detector. For 
weak signals, the de- 
tector operates i n 
square-law fashion, and 
the signal output of the 
receiver (see curve S) 
increases as the square 
of the input. The noise 
output (see curve N) 
is directly proportional 
to the input signal 
strength. For simal 
inputs stronger than 
the value 0-0, the de- 
tector onerates in Kn- 
ear fashion, i.e., the . 
signal output is propor- 5 
tional to the input. ® 
However, as shown by 
curve iST, the noise out- 
put no longer increases 
proportionally to the 
signal input. 


INPUT VOLTS AT CONSTANT MODULATION 

carrier of the strong one remains, and since an r-f carrier cannot 
be amplified in an audio amplifier, the weak station cannot be 
heard. The curves of Fig. 31-11 illustrate the idea of demodula- 
tion of noise by a strong carrier in a linear detector. Notice that 
the noise output curve AT flattens out soon after a signal input 
which makes the detector operate linearly is applied. 
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These excellent advantages of the linear detector have led to 
the almost universal adoption of diodes (or triodes connected as 
diodes) in the detector circuits of both ordinary and high-fidelity 
receivers to provide linear detection. 

31-12. The Audio Amplifier in High-Fidelity Receivers.* — 
At the present stage of the radio art, there is little difllculty in 
designing an audio amplifier for use in lugh-fuiclity receivers 
that will give exactly the desired response over the entire range 
of audio frequencies which are to be reproduced. In oilier 
words, there is little difficulty in designing an audio amplifier to 
have the desired amplification characteristics from 50 to 7,000 
or 8,000 cycles. The second detector is usually resistance-cap- 
acity coupled to the driver stage. The latter is then transformer- 
coupled to the push-pull output stage in the customary manner. 
Class A amplification is to be preferred in a high-fidelity re- 
ceiver. Though the power output of a tube is smaller when it is 
used as a Class A amplifier than when it is used in any of the 
other arrangements (see Arts. 23-32 to 23-3©) the lurknowledged 
low distortion and the low cost of the audio and output trans- 
formers required for Class A operation, together with econom- 
ical design of the power unit, has made this form of amplifica- 
tion highly desirable. However, when the required audio sig- 
nal is quite high, economic considerations favor the use of class 
B or class A-Prime (AB) amplification, and it Is being used in 
many high-fidelity receivers. Incidentally, the use of ^45 tubes 
operated as push-pull class AB amplifiers has some merit in high- 
fidelity receivers. It has been shown that some 12 watts of power 
may be obtained from push-pull tubes operated in this way. 
Furthermore, since Class AB amplifiers operate as Class A am- 
plifiers at low signal inputs and as Class B amplifiers at medium 
and high inputs (see Art. 23-38), their distortion varies between 
the Class A and Class B values depending upon the Input signal 
strength. However, the performance of '45 tubes operating as 
Class AB amplifiers approaches quite closely to that of Class A 
operation insofar as harmonic distortion is concerned. As little as 
8 % total harmonic distortion can be obtained with them. Eight of 
them are being used in at least one current high-priced receiver f 
31-13. The 10-kc Filter. — ^If the high-fidelity receiver is 
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designed to cover an audio range up to say 7,500 cycles, a total 
band of frequencies 15,000 cycles wide must be passed by the i-f 
amplifier. Under these conditions, the tuning is so broad that it is 
almost a certainty that a filter will be required to eliminate the 
10-kc beat note caused by interference by carriers on adjacent 
channels (see Art. 31-7), since the i-f amplifier will not discrim- 
inate against these carriers enough to suppress them sufficiently 
when the full high-fidelity i-f band width is employed. There- 
fore, this 10 kc beat note must be prevented from reaching the 
loud speaker. It is common to accomplish this by means of a 



Fig. 81-12. — A 10-kc filter 
employed in the audio amplifiers 
of high-fidelity receivers is 
shown at (R). Its frequency 
response characteristic is 
shown at (A). Notice that it 
is a low-pass filter, passing all 
frequencies up to the cut-oflf 
point and offering a high im- 
pedance to all higher frequen- 
cies. 

suitable low-pass filter which cuts off sharply at around 7,500 
or 8,000 cycles. This filter is located in the audio amplifier. 

The details of this filter arrangement as used in the Philco 
200-Serie8 high-fidelity receivers are shown at (B) of Fig. 31-12. 
The filter consists of an anti-resonant circuit made up of L and C 
(resonant at 10 ko) connected in series with the circuit between 
the second detector and the driver tube. Two equal condensers Ci 
and Cf act as shunt arms. Since the filter works out of the plate 
circuit of the *75 second-detector tube, it is terminated in a re- 
sistor JRj of similar resistance value (by-passed to ground by C|). 
The frequency characteristic of a filter of this type is essentially 
as shown at (A). It presents a very low impedance to the pass- 
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age of all currents up to the cut-off frequency of about 7,500 
cycles. At this frequency the response cuts of! sharply so that 
all currents of higher frequency than this meet with a high op- 
position and are greatly attenuated. Thus, the lO-kc beat note 
from interfering adjacent channel stations is effectively pre- 
vented from getting through the audio amplifier and reaching 
the loud speaker. This particular filter has a discrimination of 
about 25 db. at 10 kc. The condenser C is made adjustable 
to allow for the various conditions of interference that might 
arise from adjacent channel stations in different localities. 

31-14. Power Output and Tone Control in High-Fidelity 
Receivers, — ^The undistorted power output capacity of a high- 
fidelity receiver should be 16 or 20 watts. Now 15 watts of acous- 
tic power is much more than sujQSicient for ordinary reproduction 
in the average home, but reserve power is often required for the 
faithful reproduction of low-frequency passages in orchestral 
music since considerable power is involved in the rendition of 
these notes. Then too, the high-fidelity receiver must supply 
sufficient power on fortissimo passages to be heard clearly 
throughout an entire apartment without any overloading. An 
output of 16 watts is about sufficient for this purpose. 

Theoretically, a receiver should be operated with an output 
such that the listener hears the musical program with the tame 
volume that he would hear it if he were actually seated in the 
average location in the music hall where it is originating. Of 
course, it is not practical to operate the radio set at anywhere 
near this volume in the home. For practical reasons, it must be 
operated at a much lower level. Unless some compensation is 
provided when this is done, true fidelity will not be obtained, 
because of a well-known characteristic of the human ear. As 
the volume of the radio receiver is reduced so it is less than that 
of the original performance, the low*-fTeqwncg tonw asem to 
disappear i.e., they seem Ibbb prominent. The reason for this is 
that the sensitivity of the human ear varies automatically with 
the volume of the sound as well as with the frequency, and is 
lower at the two extreme ranges of the sound-frequency spec- 
trum than it is at the middle range. When Ihe volume is de- 
creased, however, its sensitivity to the high-frequency notas 
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does not decrease as much as its sensitivity to the low-frequency 
notes does, so the net result is that the low-frequency notes seem 
to disappear when the radio receiver is played at low volume. 

It is evident from the foregoing considerations that in order 
to preserve the fidelity of the reproduction even though it is 
desired to have the volume low, it is necessary to equip the 
receiver with an automatic tone control that will boost the low- 
frequency reproduction as the manual volume control is varied 
toward the low-volume end. An interesting low-frequency tone 
control arrangement which has been employed (in the Philco 



FlO- 81-18. — An interesting low-frequency tone control arrange- 
ment used in the Philco 201 high-fidelity receiver to automatically 
boost the low-frequency response when the volume is turned down 
low, in order to compensate for the characteristics of the human ear 
and preserve good fidelity of reproduction at the low volume. 
Model 201 high-fidelity receiver) is shown in Fig, 31-13. The 
volume level control potentiometer P is tapped at two points, 
To the lower tap (corresponding to the low-volume region) a 
20,000 ohm resistor Rx in series with a 0.03 mfd. by-pass con- 
denser C| is connected to ground. This provides a fixed filter 
which tends to by-pass the high-frequencies (thus increasing 
the apparent bass to compensate for the ear's deficiency in this 
re^on) when the volume control is set near the low-volume end, 
The tap near the high-volume end of the volume control is con- 
nected to a 15,000-ohm resistor Rt in series with a 0.05 mfd. 
by-pass condenser C# to ground, A switch S, which shorts this 
condenser when minimum low-frequency response is desired, is 
also provided. This reduces the low-frequency response because 
it shunts the 15,000-ohm resistor R» directly across nearly half 
of the potentiometer resistance. 
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The amount of hum heard in high-fidelity receivers is often 
somewhat above the maximum permissible level. If the re- 
ceiver employs 2A3 tubes in the output stage, the hum may be 
due to them. In such cases, several of these should be tried 
in the output stage sockets until minimum hum is obtained. 

31-15. Xroud Speaker Arrangements for High-Fidelity 
Receivers. — ^The loud speaker is the last link in the chain of 
important components which the high-fidelity receiver contains. 
Unless it meets all the requirements impoaed upon it by high- 



Fio. 81-14. — Top and front-side views of a single-unit high-fidelity 
loud speaker employed in a commercial high-fidelity receiver (Philco). 
Notice the four vertical and one horizsontal deflecting vanes mounted 
in front of the cone. These **spread*' the high-frequency sound waves 
(see Fig. 81-15) which would otherwise be projected forward In 
the foinn of a narrow sound beam. 

fidelity .service, it will utterly ruin (so far as any musical pro- 
gram heard is concerned) the most perfect fidelity signal 
that the receiver feeds to it. The operating conditions impoaed 
upon the loud speakers in a high-fidelity receiver are severe, and 
the requirements for a good speaker for this service are much 
easier to specify than they are to fulfill in practice. The speaker 
must respond to (within & few db) from about 40 to 8,000 
cycles. The usual dynamic speaker which is employed in or- 
dinary receivers, has a frequency range (within a few db) of 
about 80 to 3,500 cycles, beyond which the response falls off 
rather rapidly. Because of this rather limited frequency range 
of ordinary dynamic speakers, either one of two alternatives 
must be employed in high-fidelity receivers. Either a dngh 
special dynamic speaker designed entirely with a view toward 
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meeting high-fidelity jeproduction requirements must be em- 
ployed, or, two speakers (one to reproduce the low- and middle- 
frequency sounds, and the other to reproduce the high-frequency 
sounds) may be used. Since both arrangements are employed 
in commercial high-fidelity receivers, they will both be discussed 
here, 

31-16. The Single-Unit Uoud Speaker Arrangement. — 
Several interesting construction details of a typical single high- 
fidelity speaker are illustrated in Fig. 31-14. The speaker itself 

»PEAHE»» 



Fig. 31-16. — Sounds having frequencies up around 5,000 cycles or 
over do not radiate very well, but issue from the loud speaker in the 
form of a rather narrow beam, as shown at (A). Such sounds cannot 
be heard very well at any positions more than about 20 degrees oif the 
axis of the cone. By placing deflecting vanes in front of the cone, 
these high-frequency sound waves can be deflected and “spread out'* 
so they radiate in all directions as shown at (B) . For details re- 
garding the mounting of such vanes, see Fig. 31-14. 

is of unusually large diameter, and has an unusually powerful 
field. To maintain unattenuated response at the high frequencies 
requires a voice coil and cone having a small effective mass. In 
order to attain this end, the voice-coil is wound with aluminum 
wire. In addition the cone itself is constructed to increase its 
radiation of sound at the high frequencies. This is accomplished 
by making it of two different grades of paper, as shown at (B) . 
The apex, close to the voice-coil is made of stiff material, S, while 
the outer portion is constructed of lighter, more flexible paper, 
L. This construction makes the inner portion effective in pro- 
ducing the low-frequency sounds effectively, while the entire 
assembly operates for the 

A very important action takes place when high-frequency 
sounds are being produced. The lower frequency sounds are 
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radiated by the loud speaker with sensibly uniform strength in all 
direetions; the very high frequencies above about 5,0TO cyolea^ 
on the other hand, are thrown principally straight forward in a 
narrow beam as shown at (A) of Pig. Sl-15, much as a beam 
of light is directed from a flashlight. Only those listeners 
who are in a fairly direct line (position Y) with the loud speaker 
emitting the high notes will hear them with full strength and 
obtain the full benefit of the high-fidelity reproduction. Lis- 
teners who are on the side (positions X and 2), away from 
this high-frequency sound beam, do not hear the majority of 
these notes, even if they are actually present in the output from 
the receiver. 

In order to prevent this action in high-fidelity receivers which 
reproduce these high frequencies, deflecting vanes are mounted 
in front of the speaker cone to deflect the high-frequency sound 
waves as they issue from the speaker, so that they are evenly 
distributed throughout the room, as shown at (B). These vanes 
are commonly arranged in front of the loud speaker as shown in 
Pig. 31-14. They are made of metal or wood, and consist of 
several vertical vanes arranged obliquely directly in front of the 
cone to give wide-angle lateral diflusion, and a single horiaontal 
vane to give vertical diffusion. The latter, aided by a slight 
upward tilt of the cone itself, keeps the tone approximately equal 
in fidelity to both a person seated directly in front of the receiver 
and one seated on the side of it. 

31-17. The Multiple-Unit Loud Speaker Arraugtmtnt* — — 
The other solution to the problem of producing unattenuated 
sound radiation over the full high-fidelity frequency range i« to 
use two loud speakers, one to produce all sounds up to about 
2,500 or 3,000 cycles per second, and the other, having moving 
parts of much smaller mass, to produce all sounds above this 
range. When this arrangement is used, either both speakers are 
of the dynamic cone type, or else the low-frequency unit is of 
the dynamic cone type while the high-frequency unit is of the 
crystal type. The former arrangement will be described first. 

The low-frequenoy speaker is usually of large sise and con- 
structed so it has a large power-handling capacity. A powerful 
magnetic field is required (as high as 40 watts is required for the 
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field alone in one commercial loud speaker of this kind) . 

The high-frequency speaker (usually called a ^^tweeter’^ or 
a '^treble'' speaker) is small (about % the size of the larger one) 
and its voice coil is often wound with aluminum wire to reduce 
the mass so that the speaker will operate well on the high fre- 
<iuencies. In one commercial speaker of this kind, the mass of 
the entire moving system is only 0.8 gram. The high-frequency 
speaker is equipped with a set of deflector vanes (see (B) of Tig, 
31-15) to spread the sound radiation over a wide angle. 

Because of their delicate construction, care should be ex- 
ercised in handling speakers of this type. In some types, the 
voice-coil leads are made of fine aluminum wire in order to keep 
the mass small. Avoid touching them, as they are easily broken I 
Do not use compressed air to blow dust or chips from these 
speakers, as breakage of these leads may result. The 
movement of the cone in actual service is only a few thousandths 
of an inch and is adeqautely taken care of by the thin aluminum 
center suspension. Do not force the cone back and forth with 
the fingers as you would an ordinary dynamic speaker, for this 
may damage the center suspension. 

Once the voice coils on these speakers are correctly centered 
at the factory, they rarely need readjustment. However, in 
‘Case the center screw should be inadvertently loosened and the 
adjustment lost, the following general method of re-centering 
should be followed: 

Obtain three strips of clean, smooth paper, 0.006" to 0.008" 
thick, about wide, and about B'' long, for use as '‘gauges^*. With 
the cone center clamping screw loosened, insert one end of each of 
the paper strips in the gap between the outside of the voice coil and 
the hole in the front plate, spacing the strips equidistantly around 
the coil. This may easily be done if the ends of the paper are cut 
to a point and tweezers are used for inserting them. 

Now, tighten the center clamping screw and *'feel" the paper 
strips by pulling them with the tweezers to determine if any axe 
pinched tightly in the gap. If this is found to he the case, the center 
screw should be loosened, and the cone moved slightly sidewise in a 
direction to relieve the pinched strip. Then, the screw should be 
retightened. 

The coil is considered centered when the three strips are equally 
free in the gap. Remove the strips by grasping them with the twee- 
zers close to the front plate, rather than by pulling on the end of the 
strip, otherwise the paper may tear oflP against the edge of the hole, 
and thus a piece may be left in the gap. In performing the center- 
ing operation, use great care not to damage the driving coil leads. 
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When two loud speakers are used, the output power of the 
set must be divided between them correctly according to the fre- 
quency* This is usually accomplished in the output circuit of the 
amplifier by means of a filter network designed especially for 
the purpose. The simple filter arrangement for the two dynamic 
cone speakers employed in the Stromberg Carlson 70 Series high- 
fidelity receiver is shown in Fig. 31-10. The push-pull output 
tubes feed into the output transformer T. The low-impeciance 
secondary winding of this transformer feeds into the filter and 
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Pig. 81-16. — The speaker filter arrangement which Is used in the 
Stromberg Carlson 70 Series high-fidelity receivers for feeding all 
audio currents up to 2,600 cycles to the low-frequency dynamic speaker 
and all those above 2,600 cycles to the dynamic ‘‘tweeter^*. 


the voice-coils of the two speakers. The voice coil Sip of the 
low-frequency speaker is fed through the series air-core induct- 
ance L, and is shunted by by-pass condenser Ct* The voice- 
coil, Sgp of the high-frequency speaker is fed through series con- 
denser Cft and resistor R. Now the low-frequency output cur- 
rents (from 60 to 2,600 cycles) of the receiver cannot flow through 
Sm because the condenser C» presents a high impedance to their 
flow. However, air-core inductance L presents a low Imped- 
ance to them, so they flow through L and coil 5/, thereby caus- 
ing the low-frequency speaker to operate over this frequenoy 
range. At 2,600 cycles and higher, the impedance of L is so high,, 
and that of condenser C plus resistor E is so low (the impedance 
of a coil increases as the frequency is increased, whereas, the 
impedance of a condenser decreases) p that the liigh-frequenoy 
output power of the receiver is fed through condenser C« and re- 
sistor B to the high-frequency speaker 8». Since the impedance 
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of condenser (7i is low at these frequencies, it shunts the signal 
current of Sg around the Toice coil of & so that it does not serve 
to actuate it. Resistor JS acts as a protective device to limit the 
current which would flow into Sg and very likely damage it if 
CjB were to short circuit. The purpose of this simple filter ar- 
rangement, then, is to effectively lead all low-frequency audio 
currents helow 2,500 cycles into the low-frequency speaker and 
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Fig. 81-17. — The axial sound-pressure — ^frequency characteristics 
of an ordinary dynamic speaker (D), a crystal “tweeter^' (C) , and 
the overall performance of both oi>erating together (O). 


all those above 2,500 cycles into the ^'tweeter''. Thus, each 
speaker is fed only with those parts of the program which it is 
able to reproduce effectively. 

Another speaker arrangement employs a dynamic cone 
speaker for the low-frequency reproduction and a pie 250 -electric 
(crystal) type ^‘tweeter’^ for the high frequencies. This crystal 
type speaker is designed especially to flatten out the overall 
response curve where the dynamic speaker begins to fall off, and 
to carry on the high-frequency end of the high-fidelity repro- 
duction up to around 8,000 cycles. The individual frequency- 
response curves of a typical low-frequency type dynamic speaker, 
D, and a crystal type tweeter, C, together with the overall re- 
sponse, O, which results when they are operated together is shown 
in Fig» Bl-17. Notice how the tweeter response starts just at the 
frequency region where the dynamic speaker response begins to 
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fall off and how the tweeter keeps the high-frequency response 
up fairly level to almost 8,000 cycles, althougii tho dynamic 
speaker response has fallen off rapidly after 3,000 cycles, 

A front and rear view of a typical crystal tweeter is illus- 
trated in Fig. 31-18. This type of speaker requires no addi- 
tional transformer or filter network since it can he connected 
directly across the primary winding of tho output transformer. 
These tweeters may be installed in existing radio rcuuuvers to 
increase the high-frequency response so as to make better fidelity 
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Fig. 81 - 18 . — Two views of a commercial pieao-alectric crystal 
typa high-frequency ''tweeter*' speaker, 

(not essentially high-fidelity) possible. A number of possible 
connection arrangements for this purpose are shown in Fig. 

Bach one shows the best arrangement when the receiver ui^ 
the particular output tubes indicated. Fesistor M Is tibe volume 
control for the ^'tweeter” in each case. A small impedance- 
matching transformer which effectively matches the impedance 
of the crystal speaker unit to that of the output circuit of the 
receiver is built inside of the speaker case so no additional 
impedance-matching transformer is necessary. 

31-18. The Baffle for Good l#ow-Frequ«ncy Response* — 
It is well known that a large speaker baffle is required if the low- 
frequency notes are to be reproduced. The baffle acta m^y 
as a barrier between the front and. reai^ of the cone »o that eom- 
pressions and rarefaot^nas|ji?e^el^?aiimd^i^^ by tibe front 
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and rear of the cone will not cause air to rush around the cone 
edge and neutralize each other. The balBfle makes the air patk 
from the front of the cone to the rear long enough so that the 
air cannot travel the distance around the baffle in the short 
space of time it takes for % of a cycle of the sound wave to 



FlO. 81-19. — ^Various ways of connecting a crystal-type ^‘tweeter*' 
speaker to the ordinary dynamic speaker which is already in a radio 
receiver. The '^tweeter" extends the high-frequency reproduction 
range of the receiver. A high-frequency volume control, JB, is in- 
corporated in the circuit in each case. Its value, to^rether with that 
of condenser C is specified at the right for the various output tube 
combinations that may be encountered. Resistor E and condenser C 
also form a filter which serves to block out all but the high-frequency 
audio currents from the speaker. 


occur* — even on the lowest frequency to be reproduced. The 
cabinet of the consol© receiver has been used as an eJffeotive 
baffle in most receivers. However, the use of the cabinet as a 
baffle often results in ‘‘oavity^^ resonance which causes a ^'boomy" 

’•'Notib: For a thoroijLgh?6!gi>laW^ speaker baffles see the 

Chapter on Loud ty A. Ghirardi. 
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effect in the reproduction. This makes the reproduction far from 
realistic. 

An unusual type of space-savixig ba01e which has been termed 
an acomtical labyrinth has been developed for the low- frequency 
speaker of one commercial high-fidelity receiver (Stromberg 
Carlson) , and will be described here because of its unusual con- 
struction features and general technical intoreat. The back of 
the low-frequency cone is not permitted to radiate sound directly 

PATH <>#■ 



Fig. 31-20. — An acoustical labyrinth type of low-frequency baffle 
which makes the sound waves from the rear of the speaker con# take 
a long winding path through the labyrinth before they emerge from 
the bottom of the receiver cabinet. 

into the space inside the cabinet. Instead, its sound waves are led 
into a 2-section acoustical conduit which is built in the form 
illustrated in Fig. 31-20, to save space. This conduit is folded 
in the form of a labyrinth of many sections, each one having 
walls which are highly sound-absorbent. Notice the long, tor- 
tuous path which the sound waves are forced to take from the 
rear of the cone to the discharge opening in the bottom of the 
cabinet. This presents the same essential Icmgth of acoustical 
path from the front of the cone to the rear regardless of whether 
the receiver is placed close to a wall, in a comer, etc. The acous- 



CH. XXXI HIGH-FIDELITY RECEIVER PROBLEMS 


1201 


tical passage is of such length that the fundamental resonance 
occurs in the frequency range where the efficiency of the cabinet 
as a baffle begins to fall off. The conduit serves, therefore, to 
extend the low-frequency range of the system beyond the limit 
made possible by the cabinet itself. Thus the response char- 
acteristic of the system over the entire frequency range is much 
better than it would be if the same speaker were mounted in a 
fiat baffle of equivalent size. Resonances of the conduit at its har- 
monic frequencies are made negligible by the increasing absorp- 
tion of the conduit walls at the higher frequencies. Since no 
sound is allowed to radiate through the back of the receiver 
cabinet, the position of the set from the wall that it is placed in 
front of does not affect the tone qualities. 

31-19. Installation Pointers for High-Fidelity Receivers, 
— ^The high-fidelity receiver requires careful placing in the room 
in which it is to be used, if the full capabilities of the set for high- 
fidelity reproduction are to be realized under the actual installa- 
tion conditions. If the receiver discharges a part or all of its 
sound from the bottom of the cabinet (see Fig. 31-20) it may 
be placed either near the wall or in a corner without affecting 
the low-frequency response. However, if it discharges sound 
from the rear, the cabinet should be kept at least a few inches 
from the wall, or better still, ^‘catty-corner”. If the room is long 
and narrow it is usually best to place the receiver at one end 
of the room and as near the center of the wall as possible. In a 
square room, the “catty-coimer” position is usually good. The 
receiver should always be placed so that the listeners in the room 
will receive as much of the directly-radiated sound from the 
receiver, and as little refected sound, as possible. The 
sound should not be directed toward such sound-absorbing ma- 
terials as tapestries, curtains, heavy drapes, etc., for the rooms 
with such furnishings may already be acoustically “dead^' due 
to their presence. On the other hand, if the room is acoustically 
^‘Mve^^ the receiver should not be placed so that its sound will be 
directed against hard wall surfaces and be reflected back to the 
listener. 

The service man may make several simple tests to determine 
if the fidelity of a given high-fidelity receiver is normal, by sim- 
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ply listening carefully to the reproduction which results when a 
program of orchestral music is being received from a Maimn 
which is known definitely to broadcast high’-fidelity prograyns. 
Faithful reproduction of the low register will be indicated if^ 
with moderately loud volume setting, the very low-pitched or 
bass instruments of an orchestra or the lowest tones of a piano 
or organ can be definitely heard without emphasis on any tones* 
A reminding one of the sound noted when the head is 

placed in a barrel while speaking, or a *‘mumbly*^ and indistinct 
quality of speech indicate either a too-pronounced low-register 
response or an equally undesirable deficiency of an Important 
part (or all) of the higher freqxxencies. 

In general, a receiver satisfactory m to fidelity will provide 
speech which is thoroughly intelligible without conscitjus effort 
or sense of listening strain, and music which free from pronounced 
effects (such as of any kind. A persistent impression 

of mellowness or “richness,'^ for example, is likely to be actually 
due to an absence of upper-register response, the undesirability 
of which would be readily noted in a direct comparison with a 
properly designed set. Rattles, or noticeable are annoy- 

ing to say the least, and become increasingly so as one uses the 
set. The former is usually the result of loose, or flirasy equip- 
ment, and the latter is often due to poor design but may be 
caused by defective tubes or equipment. Listen to other «etii of 
the same model to see if the trouble is inherent or not. 

REVIEW QUESTIONS 

1. What is a high-fidelity receiver? 

2. What are the three main requirements for high-fidelity recep- 
tion? 

8. What audio range is generally conceded to be the moat prac- 
ticable for high-fidelity reception? 

4. How does this compare with the audio range in: (a) a mlAg^t 
receiver; (5) an ordinary **^ood** consol# type reeelvert 

5. What can be said regarding uniformity of responie in a high- 
fidelity receiver? 

6. What volume rangre should a high-fidelity receiver be able t# 
handle without overloading. 

7. (a) What actually happena to the aiapal if overioadlngf doea 

occur? (6) How does the program sound under thee# eondltionaf 

8. Why are precautions to prevent man-made eleetrical interferenoe 
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from entering the receiver circuit hy either the aerial, the lead-in, 
the ground wire, and the power-supply line even more important 
with high-fidelity receivers than with ordinary receivers? Ex- 
plain I 

9. (a) What can be said regarding the importance of securing as 

nearly perfect oscillator stability in high-fidelity receivers^ as 
possible? (6) Why is the problem even more important in high- 
fidelity receivers than it is in ordinary receivers? 

10. What would he the effect, as heard, if the frequency of the os- 
cillator in a high-fidelity receiver were subject to ‘^drifting*^; 
(a) during the warm-up period; (6) when strong signals come 
in? 

11. What steps have been taken to reduce oscillator drift in com- 
mercial high-fidelity receivers? Explain I 

12. What is meant by the term ‘‘monkey chatter” when applied to 
high-fidelity receivers? Explain in detail why and how it is 
produced. 

18. What effect will be noticed in a high-fidelity receiver if the 
tuning of the oscillator stage does not “track” properly with the 
tuning of the t-r-f stages? What is the remedy? 

14* Explain in detail the special station interference problems which 
are encountered in the operation of high-fidelity receivers. 

16. What practical step has been taken in the design of high-fidelity 
receivers to get around this station interference problem? 

16. What sacrifice in operating characteristics must be made in 
high-fidelity receivers under present broadcasting conditions in 
order to get around the station interference problem? 

17- Why is the station interference problem usually attacked in the 
i-f amplifier? 

18. State the three fundamental means which may he employed to 
vary the response-band width of the i-f transformers in a high- 
fidelity receiver. 

19. Describe a mechanical means for accomplishing the above. Ex- 
plain how it operates! 

20* (a) Describe a special electrical circuit arrangement lor accom- 

plishing the above. Explain how it works! (6) What are its 
advantages over the mechanical method? 

21. Described and explain a third method for accomplishing the above, 

22. State two advantages of iron-core i-f transformers over the air- 
core type. How have the eddy-current losses in the iron at the 
high frequencies been reduced in the recent types of iron-core 
i-f transf ormers ? 

23. State two important advantages which are obtained by using a 
linear detector instead of a square-law detector in a high-fidelity 

receiver. 

24. A radio signal is modulated 30 per cent. What is the per cent 
distortion In the plate circuit of a square-law detector which 
demodulates this signal? 

26. What is the purpose of the 10-kc filter in the audio circuit of 
high-fidelity receivers? 

26, (a) Draw the circuit diagram of a filter suitable for the above 
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purpose. What type of filter is it? (6) Draw its frequency- 
response characteristic curve and explain it. 

27. What effect does turning the volume control dam. have on the 
tone reproduction from an ordinary receiver? What is the 
reason for this effect? 

28. How is the effect mentioned in Question 27 coinpemtated for in 
high-fidelity receivers so that the “naturalnes.s’' of the repro- 
duction will bo just as good at low volume as it is at high 
volume? 

29. Why must a loud speaker capable of reproducing the higher sound 
frequencies necessary for higli-fidelity reproduction bo equipped 
with deflecting vanes? How do they accomplish their purpose 
(illustrate your answer by means of sketches)? 

80. What is the purpose of the speaker cut-off filter in a high-fidelity 
receiver which employs two dynamic speakers? 

81. In a high-fidelity receiver which employs the speaker filter ar- 
rangement shown in Fig. 31-lS, what operating symptoms would 
result if: (a) condenser C, were to short-circuit; (b) condenser 
C, or re8i,stor R were to open-circuit; (o) condenser C| were 
to open-circuit; (d) condenser C, were to short-circuit; («) in- 
ductor L were to open-circuit; (/) voice-coil S, were to open- 
circuit? 

82. (o) What is the purpose of the speaker baffle? Describe the con- 
struction of the acoustical-labyrinth type of baffle. (6) What are 
two of its main advantages over the flat type of baffle? 

83. (a) How would you make a practical field “listening tost" to tell 
if a high-fidelity receiver was producing normal fidelity on the 
low and high-frequency registers? (h) How will good low- 
register reproduction he indicated? (c) How will goM upper- 
register response be indicated? (d) What might “rattling" on 
the high frequencies be due to? 

84. What general types of loud speakers are used in high-fidelity 
receivers? 

86. A high-fidelity receiver which is constructed so that parts of 
its sound output discharge from the rear of the cabinet mutt 
be placed in front of a hard-surfaced wall in a room which it 
particularly “live” acoustically. How would you prevent re- 
flection of sound (especially the high-frequencies) from the 
wall directly back into the speaker? 
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HOW TO SELL YOUR SERVICE 

32-1. How to Get Business . — A radio service man may be 
the best technician in his town, but if he cannot sell his services, 
at a profit all his training and experience will be of little value to 
him. With radio service men, as with many other kinds of pro- 
fessional men, there exists far too often a cerain lack of business 
ability that seems to be quite natural with that type of per- 
sonality. 

Yet, there is no need for this state of affairs. Every service 
man, can easily be a good business man as well, if he will apply 
himself seriously to the problem. First of all, it must be realized 
that there is a definite technique involved in getting business, 
just as there is a definite technique in servicing radio equipment 
or doing almost any other worthwhile thing. 

There are also many different methods to be employed in 
getting business. Most service men fall down when trying to 
use only one or two of them — if any at all 1 For example — there 
is "personal” selling (and that includes both counter selling and 
house-to-house selling), telephone selling, direct mail advertis- 
ing (postcards, blotters, sales letters, etc.), newspaper adver- 
tising, radio advertising, displays, and many other types of sell- 
ing which will be described further on in this chapter. Best re- 
sults are usually obtained when the service man uses a combin- 
ation of these sales methods such that one follows up the efforts 
of the other — for example, direct mail followed by telephone or 
personal selling, etc. 

32-2. Salesmanship. — ^First, it must be thoroughly under- 
stood that salesmanship is basic in a successful service business. 

Your business is a personal service business! Your customers 
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are not buying merchandise as much as they are buying your 
own 'personal services. The thing you’ve really got to sell is** 
yourself. Therefore isn’t it obvious that the most logical way te 
sell yourself is through personal contact f 

Many service men shy away at the idea of personal contact, 
feeling that they aren’t salesmen. But a good radio technician 
doesn’t have to be a “natural-born salesman” in order to build 
up a good service business. In fact, it is really comparatively 
easy to sell the type of service he has to ofler the public, for, 
fundamentally, it is a service that they really need. The speci- 
fic suggestions that follow, and the general principles outlined 
at the end of this chapter have been included here with the hope 
that they will assist alert service men to conduct their shops on a 
really modern, business-like basis. These suggestions will be pre- 
sented in a personal way, for after all, the matter of a service- 
man’s business is a very personal one. 

32-3. Counter Selling. — ^Every time a prospect cornea into 
your shop you have to be two men in one. An eaqpert teohnioian 
— and an expert salesman. One without the other is a serious 
handicap in these days of exceedingly keen competition. But 
selling at the counter is the easiest of all kinds of selling. If 
you ^^play your cards right”, the prospect will sell himself. And 
here’s how — 

In the first place, your shop should be so laid out m to prop- 
erly “merchandise” your service. It should be impresHive, It 
should be instructive. It should demonstrate what you have to 
sell. But more of that later. 

Of great importance are your test panel and testing ©quipmant. 
Get as much of it as you can out front where the prospect can 
actually “see the wheels go round”. There is nothing like a good 
cathode-ray oscilloscope to catch the prospect’s interest, for its 
never tiring beam of light is fascinating to most people. You 
can even arrange it to reproduce the voice waves of the prospect 
by means of a simple microphone and audio amplifier. To most 
people it will be a novelty and something quite mysterious. The 
more it is, the more it puts you in a superior position and develops 
the prospect’s friendly attitude and confidence In you. And that 
friendly feeling and confidence will generally develop to the 
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‘‘buying point”, if you take pains to explain what you are going 
to do (or have done) to his radio, what all the different ^‘gad- 
gets” on your test panel are, and what they are for — in a gen- 
eral way of course, for he won't understand the details. 

In your own shop, the most important sales technique you can 
use is to develop the prospect's confidence. You can do that — 
(1) by the good appearance of your shop; (2) by the impressive- 
ness of your equipment; (3) by the information you pass on; 
and (4) by your personality. The last is very important. If 
you are friendly with your prospect and put him at ease, so that 
he won't feel you are going to try to sell him something he 
doesn't really need, you have already made more than half the 
sale of your services or your merchandise. 

Here's a tip on “closing”. Suppose your prospect develops a 
little hesitancy about putting a lot of money into a repair job — 
he may feel that it is perhaps not quite necessary, or that if he 
went to some other service man he could get the job done more 
cheaply. When you sense a prospect in this situation, say to him 
-“Just a moment, Mr, Blank I The troubles with your radio is a 
very special and unusual one. It so happens we have a man in our 
shop who is an authority on this particular sort of thing. I'd 
just like to get his opinion on it.” Everybody likes to feel he is 
getting expert attention, and while you yourself may be just as 
expert as the “authority" you call over, it is not so easy to give 
your prospect that impression as it is to point out someone else 
as an expert. 

32-4. Outside Selling. — ^The first job in outside selling is 
to know to whom you are going to sell. Lay out your campaign in 
advance. Plan your work — then work your plan. A system- 
atized program is essential in this work. It is queer, but never- 
theless a well known fact that the most methodical and system- 
atic of service men will carry on their selling and advertising 
campaigns in a hit-and-miss fashion that does nothing for them 
but waste time and money. They would not think of expecting 
results if they went at their actual radio service work that way, 
yet they expect all sorts of wonderful things from outside selling 
campaigns that are carried on in sporadic fashion whenever the 
spirit moves thena. Outside selling campaigns are serious under- 
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takings tiiat I'equire considerable planning and plugging to put 
over, for many phases of them depend entirely upon the correct 
follow-ups to break down the sales resistance and human inertia 
of the prospect. Without these follow-ups, the initial efforte are 
doomed to failure at the very start. Large organiziatiDnH spend 
millions of dollars annually to test out new ideas for outside 
selling campaigns and to follow them through. One method is 
found to work best in one type of commtmity for one product— 
another is worthless for that type of community but is a world 
beater among a diferent class of people, etc. The service man 
should realize this before he starts any advertising ideas. Flan 
them carefully, then test them and make plenty of changes until 
you get the right ones for your particular conditions. Them— « 
and not until then — go ahead I 

If you have several men you can send out, than you will prob- 
ably find it profitable to make a thorough house-to-house can- 
vass within a certain radius of your shop, providitig canvassing 
is not prohibited by any local ordinance. If you do thi«, gat a 
map and lay out carefully each naan^s territory, assigning a cer- 
tain area to be covered each day during the campaign. You will 
make a better impression on the prospect if you are able to ad- 
dress her by name ; so get a city directory and have S'' x cards 
made out for all residents in your area, giving each man a quota 
of cards to work on every day. 

If you cannot make an intensive coverage of this kind, there 
are several ways of building a selective list. In many cities the 
telephone company makes up a 'Telephone Addttm Directory** 
which it will rent for a reasonable fee. This Directory lists all 
telephone subscribers according to street and number. It is 
usually veiry useful for selling radio service, since almost everyone 
who can afford a telephone is very likely to own a radio set. 
In using it, you can pick out Just those streets that are of in- 
terest to you, and get the name and telephone number of your 
best prospects on each street. Then of course fihere are city 
directories and voting lists that are useful too. Mmay dealers 
and service men hire boys to go around their nei^borhoods and 
eopy the names off the mail boxes, or to try and spot antennas 
and take down the names of those who own lhata. Of oourae 
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this applies only to suburban districts. If you can possibly make 
an arrangement with some radio dealer to furnish you with the 
names of those people to whom he has sold new sets, it will 
certainly foe to your advantage to do so. If most of your busi- 
ness comes from apartment houses, go to the superintendent and 
ask him for the names of all the families in his building who own 
radios. If you ofer to give him free tubes and service for hi» 
own radio receiver, he will usually give you this list, which should 
be very valuable to you. 

Before you go out to canvass your prospects, make out a 3" x 6" 
card for every name, with the address and phone number, and space 
to record the type and condition of her radio and electrical appliances 
(if you can find this out) and to make a note as to her reaction to your 
canvass and the date when a *‘call-back” should be made. Have a gren- 
eral idea of what you are going to say to your prospect before she 
opens the door. Some salesmen work best when they go through a 
regular routine with a memorized sales talk. Others sell better when 
they vary their talk to fit the prospect and the circumstances. Which 
method is better depends entirely on the individual salesman. In any 
case it is preferable to have an outline or a rough plan of how you are 
going to make your sale. 

In personal selling, the most important thing you can do is to 
make friends with your prospect, especially on your first call. 
Don't try to be smart or “flip". Don't annoy and antagonize 
your prospect with tactless bullying. Some salesmen have been 
very successful using “high-pressure" methods, but the average 
man is more successful when he avoids these methods entirely, 
and tries merely to tell a straightforward story in a natural, 
friendly way, expressing (without boasting) the self-confidence 
which every service man should have in his work. That is the 
easiest way to sell — and for most people is the most profitable. 
Needless to say, you should take pains to make your personal 
appearance as pleasing as possible — ^without unnecessary “flash". 

On all your calls carry a good kit with you, containing not 
only tubes, tools and some testing equipment, but also a few small 
electrical appliances (if you sell them). Whenever you get in- 
side the house to examine a radio, open up your kit conspicu- 
ously so the prospect will see its contents — ^it will impress her 
with the fact that you must know your business to have all 
those things there. 

In outside selling you cannot of course expect everyone you 
call on to be a prospect — only a small percentage of your calls 
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will be real prosjiects. But you amat reiaeiol>er that aaoner or 
later almost eveiy one who owns a radio mi will need eerviee. 
The important thing on your first call is to make a eontact*— to 
get w and get known. Whether your first eall is prohtable or 
not| it may lead to business in the future, or it may provide you 
with an opening for some appliance which you carry as a shie line. 

Give some real thought to the **approaclf' which you use. 
A.8 you know, housewives are oontinually bcaxeged by canvassers, 
so much so that they automatically put themselves in a negative 
frame of mind when they open the door—jiist for self-proteetion. 
In order to get her interest at all, you must ^*pack a wallop*^ in 
your first few words — otherwise you will fin<i yourself facing a 
closed door again. Avoid generalities and comnumplacc expres- 
sions. The best possible kind of approach is to make the prospect 
some tangible, specific offer or proposition that appears to be a 
little different from what she usually hears. Here are a few open- 
ing phrases and ideas along this line that have been used with 
success: 

Open your conversation with, “Good morning! Is this Mrs. 
Blank? I am Jones the neighborhood radio man, iin<i am mak- 
ing a”: 

(1) ^'Check^wp on radio sets.** (You can generally get a lot 
of useful information on a oheok-up of this kind. After you 
get talking a bit with the housewife you will find it easy 
to swing the conversation into the Btibject of a tube test, a 
receiver check-up, or service.) 

(2) ^^Service survey** 

(3) survey in connection with all^^wave 

<4) **Free inspection** (If you use this plan, have some im- 
pressive-looking forms printed. You can call them **Eeport 
of Condition'^ and fill out and sign. Even if you don*t get 
an authorization to proceed with the repairs, your pros- 
pect will have this written report to show her husband and 
to act as a constant reminder. It will also be useful to 
refer to when you make a personal or telephone follow-up. 
Keep a carbon copy of the Eeport for future reference) . 
>(5) curtesy call to all new residents in the neighborhood/^ 
Offer to help them install their radios and make necessary 
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adjustnients at a special price — as a neighborly courtesy. 
Most people will greatly ai^preciate an act of gen- 
uine helpfulness such as this. You can count on them as 
regular customers in the future. 

(6) Check on short-wave radio sets” (Your explanation can 
be that you have heard so many complaints from this neigh- 
borhood on noise and lack of good reception, that you are 
making an investigation as a service to your customers, and 
at tiie same time will be glad to check over her set without 
obligation and make recommendations for the elimination 
of noise. Of course yon will want to do the job.) 

(7) “F/vr iidn' /(’.s7 as a sp(<'f(il hriroduvtioti to niy serviced' 
“ (There are few sets in use that couldn^t be improved with 

one or more tube replacements, but most people don’t real- 
ise it until they actually hear the difference when new tubes 
are inserted. Prove this difference by inserting the new 
tubes, and if your prospect doesn’t want to buy them then, 
offer to leave therii overnight so her husband can judge the 
difference. Be sure to leave the old tubes too so he can 
make a comparison — but mark your new ones properly for 
imdiRputed identification later.) 

(S) Special offer on a Hune-up^ of your radio set for only 
(Many large service shops make a feature of this 
special offer. The following Services” are the ones us- 
ually featured: 1. Check aerial installation. 2. Inspect 
and (dean lead-in and ground connectionB. 3. Inspect light- 
ning arrester. 4. Teat all tubes and attach labels (bearing 
your shop name and address) on them to show their 
condition. 5. Check tube sockets for poor prong-contacts, 
and tighten tube shields. 6. Inspect and clean the chassis^ 
7- Check all power connections. 8 . Check speaker connec- 
tions and test it for '^rattling”. 9. Chock volume control 
for noisy operation and *^dead spots”. 10. Tighten dial 
knobs. IL Clean interior of cabinet. 12. Check operation 
of set over entire frequency range and submit free estim- 
ate for any additional repairs.) 

This ^%pecial” in itself is not very profitable of course, but 
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almost invariably, the service man iincovers a need for 
parts or repairs, and makes a real *^pay oall^^ out of Ills visit. 

(9) **Call to see how your new set is working/^ (This follow- 
up of a new sale — to see how the set is working—or after 
the service guarantee expires (in cooperation with a new- 
set dealer with whom you have a servicing arrangement) 
is an excellent way to keep up a friendly contact with your 
customer.) 

(ID) ‘^Announcement oj a new short-wave adapter {converter, 
antenna, or an attachable record-player)*^ (Carry the 
equipment with you and offer to leave it twenty- four hours 
on trial.) 

<11 ) “Offer of a complete ‘hit of tubes* with each repair jobJ* (By 
quoting a lump price for the repair job together with all 
new tubes, you can often break down the resistance you 
meet on making single tube sales. While a few tubes may 
still be good in the receiver, you can point out that it is 
only a question of time before they will go too, neces- 
sitating another service call and another charge, so the 
prospect will probably save money by getting a complete 
replacement now.) 

<12) “Distribution of free radio logaJ* (Unless overdone in your 
neighborhood, this is always a good method of sales pro- 
motion, whether it is done purely as advertising (the logs 
being distributed by boys) or for the purpose of giving 
you an entree.) 

One large tube manufacturer laid out for his demltwi an 
elaborate plan along this line and achieved unusual summm 
through it. This plan called for postcards to be mailed out 
two days in advance of the salesman's call. The card stated 
that a representative would call in a few days to deliver a new 
radio lo^ free, providing the postcard was retained and given 
to the salesman when he called. His name and photograph war# 
on the card for identification. When the salesman call^, he 
asked for the card, requesting permission to wait inside while 
it was being fetched. When me prospect returned with the 
card, the salesman opened up his kft (where he purposely kept 
the logs) gave her one and explained the kilocycle Incfex hy 
making a practical demonstration on her radio* This gave him 
^the opportunity to check the set and take out hit tul^ tes'tert 
explaining: its purpose, and make a free tube check-up. As we 
shall see later (page X248> , attractive logs may be obtained at 
fairly low cost from a number of manufacturers. 
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32-5. Selling by Telephone. — ^Some service men are able 
to make very effective use of the telephone in selling. The 
advantages of this method are that it is personal ; that it assures 
you of a direct contact with the prospect; and that it takes less 
time than personal canvassing. On the other hand, there are dis- 
advantages — ^your call may reach your prospect at an incon- 
venient time, causing him or her to resent the interruption ; unless 
your prospect is sufficiently interested or gracious to give you 
plenty of time, you are not likely to be able to tell your whole 
story; and finally, every call costs a nickel, which is small com- 
pared with a personal call but large as against direct-mail solici- 
tation. Even so, if you are able to develop a real telephone sales- 
technique, you may find your sales cost lower in this medium 
than in any other. 

Where will you secure the names and phone numbers of pros- 
pects for phone-selling? Use your own lists of past customers, 
and any prospect lists you may have. The local telephone direc- 
tory will also furnish names. Get names from social items pub- 
lished in the local newspaper, and look them up in the phone book. 

In all telephone selling take care to develop the right ap- 
proach. Know exactly what’ you are going to say, and practice 
condensing your story until you get it down to the minimum 
number of words. Talk pleasantly and clearly, without hesti- 
tation, and without rushing. Be natural and friendly, but make 
your voice carry conviction and genuineness. Don't do all the 
talking — ask some questions — ^make it a conversation, not a 
monologue. Don't try to do too much selling on the telephone — 
if you can get the prospect into your store or arrange an appoint- 
ment for an inspection, that is enough. Avoid calling at incon- 
venient times. 

Have some specific offer or proposition to make — a free 
premuim, a ^^special", a free test. If you haven't any really 
attractive offer to make, it is usally better to avoid tele- 
phone selling except in conjunction with other sales methods — 
for example, to follow up a direct-mail campaign, or to “break 
the ioe^' for a personal call. Used in this connection, telephone 
selling can be very useful, especially in suburban communities. 

The telephone is good for following up old customers- With 
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them the major selling has already been <lono and a reminder is 
usually enough to keep their business coming yoiir way. If you 
adopt this plan, do it consistently — call up first just a few days 
after you have made a repair or soki liim ttibea, and merely 
inquire how the set is working. Five or six months later call 
again to inquire about the set^s performance, reminding your 
customer how long it has been since you did the job. Then keep 
calling up every few weeks, if necessary, to suggest another set 
inspection or tube test. Keep a 'Tickler file"’ of all your cus- 
tomers, which will automatically show you when these various 
phone calls are due. 

Whenever an outstanding “nationar’ or 'Special’’ program is 
scheduled to be broadcast, there is always a good opportunity for 
a telephone solicitation. Call up your prospects and custanusrs and 
say something like this; "Tomorrow night is the big Such-and- 
Such Broadcast, Mrs. Jones. I just thought I’d remind you— it’s 
on Station XXX at 9 P, M. I hope you’re planning to listen In/’ 
Then after her reply, add, '’And by the way, how’s your set work- 
ing these days?” If this lead doesn’t produce a sales opening 
for you, you might continue in this manner — "You know, I’m 
so anxious to have the Such-and-Such program come in well on 
your radio that I’m going to do something very special for you, 
Mrs. Jones. I’m going to loan you a complete new mi of kibes. 
Ko, there won’t be any charge or obligation of any kind. I Just 
want you to try these at my expense on this broadcast. — ^Do this, 
and then just notice how much better it comes in than the rwep- 
tion you’re getting now. I’ll bring them right over now/’ When 
you or your assistant goes over to Mrs. Jones’ to Install the new 
set of tubes, don’t try to do any selling at that time, but merely 
test and label the old tubes (leaving them there) and mark your 
new ones (positively) for identification. The time for the sell- 
ing is the next day when you come back to pick up the tubes. 
At that time, try to sell the tubes to her, along with what repairs 
you can see are necessary. 

32-6. Making your Advertising Effective.— After a few mis- 
guided splurges with the inevitable disappointing results, some 
service men are apt to come to the conclusion that advertising Is 
just a means for throwing away money. Yet you will find few 



CH. XXXII 


HOW TO SELL YOUR SERVICE 


1216 


large successful service organizations that do not consistently 
make use of some form of advertising. They have learned that 
well-directed advertising campaigns and merchandising plans not 
only made selling a lot easier and quicker, but in many cases did 
the whole selling job. There was a time when a service man could 
pick up a clientele if he merely put up a sign outside his shop and 
printed some common business cards. Competition has changed 
that condition radically. Today a service man must know some- 
thing about advertising and be able to use it intelligently, if he 
expects to bxiild up his business. True, if his advertising runs 
into any volume he will undoubtedly profit by hiring the services 
of professional advertising counsel, but even so, he should fam- 
iliarize himself with the fundamental principles of advertising 
for his own information. 

There is no simple formula for advertising success that can 
be glibly handed out. There are no circuit diagrams that will 
enable one to construct a sure-fire promotional campaign. Ad- 
vertising is a technique of trial and error, but many of the 
errors can be avoided by following a few general principles and 
bench tting by the tested experience of others. 

First of all, plan your advertising. Study the different ad- 
vertising xnediums available to you. Select those you want to 
test. Then work out a consistent, logical plan, coordinating with 
your sales policy your direct mail, newspaper advertising, dis- 
plays and whatever other advertising or merchandising you do. 
Don’t jump from one thing to another in hit-or-miss fashion. 
You will accomplish nothing that way. Before advertising be- 
gins to show any effects at all, it has to be used sufficiently long 
to make an impression. Any good advertising program must al- 
low for repetition, continuity, persistency, and plenty of it. 

Your advertising must have “attention-value’* if you expect 
it to register in the minds of people who may be perfectly in- 
different to what you have to say. Without being offensive, it 
must make a striking impression in a flash. That impression 
may come from the message (idea-content) , or from the physical 
appearance of the advertising, or preferably from both at once. 
To inject this quality into your message, your approach or ap- 
peal becomes, therefore, of utmost importance. Psychology shows 
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IIS tliat there are many ways of appealing to the average man 
or woman. You can appeal to his ego, to his comfort, to hit 
sense of humor, to his love for new sensations, hut most of ail 
and strongest of all, to his pocket-book. If you can definitely 
show a man just how you can save or make money for him, 
you will always be sure to receive a syrnpathic audience. 

The same psychology can be used in the **hook^'— the definite 
idea you must plant at the end of your advertising mewi^ 
that will give your prospect the stimulus to act — to buy what you 
want him to buy. There above all you must prove to him what 
he will gain by using your service, offering whatever Inducementa 
you are in a position to make. Show your prospect that a trans- 
action with you is not just a one-way proposition — make him 
feel that you are willing to give even more than you want him 
to give. A tangible demonstration of this practical type of **giv- 
ing^’ is the free premium. Being in the radio business you know 
to what extent the big national advertisers make use of the free 
gift or premium in order to get response from their audiences. 
You can use the same strategy in your own business. Radio 
logs are used as premiums by a great many service men. They 
are still good, especially in new and different formate, but by 
using a little ingenuity you will be able to devise other inexpen- 
sive **give-aways'^ to bait the hook in your message. 

Try to avoid the commonplace in all the advertising you do. 
Ideas wear out like tubes. YouT get much better recepticm if 
you replace worn-out expressions with fresh, original, naturally- 
expressed ideas. You ought to be able to think of plenty of them 
after a little thought. 

There are many different mediums of advertising. All of 
them are good, but not all are good to the same degrM for idl 
service men. You will have to do a little experimenting to find 
out which ones work best for you. Since direct-mail and display 
advertising have generally proved to be the mmt offmUm Im 
this business, we will place most emphasis upon thwe two miKl- 
iums in this chapter, but the other mediums will not be nm- 
lected. . 

32-7. Display Advertising. — The type of display is 

that which demonstrates, as well as calls attmticm to, powr ter- 



CH. XXXII 


HOW TO SELL YOUB SERVICE 


1217 


vice. Demonstration of the product is essential in any kind of 
selling. Radio servicing may not be quite as easy to demon- 
strate as some products, but those service men with irnagination 
have found many interesting and effective means of doing this. 
The cathode-ray oscilloscope is proving to be an excellent med- 
ium for this purpose, for at last the many interesting things 
which go on inside a radio set can be made visible — and in an 
extremely fascinating way that never fails to attract attention 
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PlO. 82 - 1 .— An attractive and unusual window display drama- 
tizing the idea of “First Aid to Sick Radio Tubes,” and a free tube- 
testing service. 

(see Section 6 of Art. 32-8) . Sets can be aligned, sound wave- 
forms can be shown, etc. 

Natxirally you will have a store-front and sign that are at- 
tractive in appearance. But it’s what you put in your window 
that is responsible for pulling the passer-by inside. Always re- 
member— the public likes to be entertained. So put on a radio 
show in your window — avoid the usual show cards and display 
pieces— try to dramatize your story — use showmanship. For ex- 
ample, a Pennsylvania tube dealer made up the fairly inexpen- 
sive window display illustrated in Fig. 32-1, dramatizing the idea 
of **First Aid to Sick Radio Ttibes^'. From 3 to 6 o^clock from 
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Monday to Friday, and fr<jm 3 to 9 I\M. on JStilurtiay, an at- 
laraetive girl dressed as a lied Cross nurse tested tubes in the 
window. The rest of the window was filled with various piles of 
old tubes, labelled, ‘*We have howled our last tune,*' made 

m lot of noise,” ^T^ree Burial for l>ea<i Tubes,” etc. Under a 
sign ^^Radio Tube Cemetery'* there was a filled with worn- 

out tubes. The public was invited to guess the number of tube® 
in the etiffin and win a valuable prixe. This window more than 
doubled that dealer’s tube huHinesa during the two weeks it was 
used and, in addition collected a number of good prospeela for 
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Fig. S2-2.— a service bench and test panel that have a profet- 
aional touch, Notice the hie cabinet for 3x6 inch Index cards. Thia 
contains service records, customer Hats, service data, tUc., in a con- 
venient place where they can be reached easily. 

sets and electric appliances, A good, unusual idea like this can 
be used more than once— at sufficiently long intervals. 

Another enterprising dealer has three elaborate tube teating 
panels in use, not because he needs that many, but to impresi 
his prospects. One of the panels is placed in the window (along 
with appropriate display signs) so that it Is visible from the 
street. A man is at work testing tubes with it! It brings in a 
lot of business for him. 

From time to time you can always make a display of your 
servicing equipment, within the limitations of your window 
space. Better still, keep a repairman at work in the window if 
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you can — especially with a cathode-ray oscilloscope. Put up a 
sign describing what the different pieces of equipment are and 
what they do. 

Don^t leave one display up too long in your window. After it 
reaches the point of ^diminishing returns”, its effectiveness de- 
creases very rapidly. If you find one display that pulls excep- 
tionally well, keep repeating it, but alternate it with others. The 
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Fig. S2-3.— An unusual display of defective and worn out radio 
parts which is used in one radio shop to arouse the interest of the 
customer. It serveB to <lrive home the fact that the parts of radio 
receivers may become worn out or inoperative and require replace- 
ment or repair just as the parts of any device that is used day after 
day do, 

posters and displays furnished by manufacturers are usually 
worth using for short periods, even though they impart no in- 
dividuality to your service. 

Inside your shop be sure that everything makes a good im- 
pression— that it looks clean, business-like and modern. Display 
your equipment as prominently as possible. Don^t be afraid to 
show off your business. It pays to build an impressive, modem 
test panel— it will do as much to sell your service as anything 
else. The illustration in Fig. 32-2 shows a typical impressive 
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imt panel and service bench. A California service man goes 
fnrtJher than that. In his shop ho keeps a permanent display 
of defective parts— condenBcrs, transformers^ etc. He has forokm 
them down and mounted them on a board as shown in Big, 32*4 
so he can demonstrate to hia customers how the main parts in a 
radio set are built, and how tlmy can go bad. Most people do 
not realize that radio parts can actually uwar out. They think 
that because the set has no visible moving parts in it 
should last forever. This display is convincing salesinanship. 
Another dealer, just for effect, has his walls literally lined with 
tube cartons. He sells 1,000 tubes a month! 

By setting a stage for your work, you can use the same prin- 
ciples of display when you are working in the customer^ home. 
Lay out your equipment conspicuously and get good liglit on it 
— if necessary move a floor lamp. Explain your work as you go 
along if you find your customer is interested. This will enable 
you to create a friendly atmosphere. 

You can probably find additional opportunities for promo- 
tional displays among stores in your neighborhood. Simple show- 
cards announcing your service, if placed in a few electrical 
stores, garages, hardware stores, vacant stores, etc., may pull in 
quite a little business. If necessary, offer the store owners a 
small fee or commission for displaying your sipi and referring 
business to you. 

32-8. Direct-Mail Advertising.—The advantage of dirwst- 
mail advertising is that it allows you to send your mewag^ to a 
selected group of prospects and customers at a relatively low 
cost. Although a tremendous amount of advertising is moA 
through the mails, most of it is seen by the recipients and, if in- 
teresting enough, is read. Direct-mail also has the advantage 
of being a medium which is comparatively easy to check up on 
for returns. Of course it is much more effective in some localities 
than it is in others, but it is worth a real test. 

The same material that you prepare for direct-mail ©an 
sometimes be distributed by hand. In this case, no addressing 
or list of prospects are necessary. Howevw, distribuiticm ma- 
terial lacks the personal touch of a letter or post-card and is 
not given the attention that direct mail receive. In your town 
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there may be one or more organizations which specialize in dis- 
tribution of advertising material, who will be glad to quote you 
rates. You may also find it satisfactory to direct the distribu- 
tion yourself, using Boy Scouts or school boys. 

Coming back to direct-mail, the matter of cost is important. 
Since the percentage of sales from direct-mail or any type of 
advertising is bound to be small, the cost must be kept down to a 
minimum in order to make your advertising pay. The cost de- 
pends on many factors — the format (that is, the postcard, folder, 
letter, etc.), postage, cost of list, addressing, etc. 

As for formats, unquestionably the most economical is the 
postcard. And while the postcard isn’t as impressive as some 
of the other formats, it often ‘‘pulls” just as well and even better. 
The postcard is also the best “buy” in postage, for it goes hrst- 
class for one cent. If you axe in a position to make large mail- 
ings fairly frequently, it might be well to consider the purchase 
of a post-card printing and addressing machine, such as the Card- 
vertiser put out by the Elliott Addressing Machine Company of 
Cambridge, Mass. 

One disadvantage of the postcard which should be mentioned, 
is that it does not allow you much space for your message, but 
as we shall see, very effective postcards have been devised by 
careful thought. If you have a longer story to tell, probably 
your best format will be a form letter, but if you use letters be 
careful of iheir appearance. A multigraphed or “processed” let- 
ter is more expensive than a mimeographed letter, but in ap- 
pearance is far superior. Again, if you fill in the name and 
address of the prospect on the letter, be sure to do it well or 
not at alL As a matter of fact, tests will probably prove to you 
that you can get just as good results if you start your letters 
with, “Dear Friend”, as you will if you go to the expense of a 
personal fill-in for each one. You will find letter shops (or multi- 
graphing and addressing organizations) listed in your telephone 
directory, who will quote you rates on multigraphing and also 
on addressing envelopes or post-cards. 

Folders are generally too expensive for the average service 
man to prepare himself. Blotters are so common today that 
they do not get the attention of the prospect that they did years 
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ago. The advertising value of novelties is highly questionable, 
as too often they fail to sell what they are intended to sell— 
the prospectus attention ia diverted by interest In the novelty 
itself. 

Postage costs in the United States are as follows: (a) First- 
class sealed envelopes— 2c local, So outside local sons; (b) 
First-olasB postcards, standard government siue^-dc; (c) Third- 
class postcards, larger than government slise— 1 under Section 
562, PL<feR (a permit may be obtained from your Ihmtmmtm); 
(d) Third-class unsealed envelopes— tinder Seciicm 562, 
PL&R (e) Third-class unsealed envcloix^s, mailed in biilk-42€ 
per pound (Ic each, if mailing unit weighs less than one and one- 
third ounces — see your Postmaster about bulk mailings). 

As you will remember from the discussion earlier In this chap- 
ter in connection with outside selling, you have a wide choice of 
mailing lists which you may use. For example* -city diri'ctories, 
telephone directories, lists of club or lodge membera, etc. Per- 
haps you can get your present customers to cooperate by giving 
you the names of their friends. A gueaning contest in your win- 
dow, requiring all contestants to 611 in their names and ad- 
dresses, will give you a good list. Likewise, a **nolse*' survey. 
Your mailing list plays a very important part in the success of 
your advertising. Take pains to build up a good one, and when 
you get it, keep it on cards or on stencil plates— a»d kmp 
it up to date! Incidentally, the card-hle idea illustrated in Fig. 
32-2 is a good one. 

The question is often asked whether it is batter to u»e liter- 
ature furnished by tube inanufactureps or for the service man 
to prepare his own advertising material. The tube manufac- 
turers are interested primarily in selling tubes. You on the other 
hand are interested in selling service as well as tubes. Thew- 
fore, while some manufacturers' literature is very skillfully pre- 
pared and is well worth your utiliasing, it cannot entirely take 
the place of your own individualized advertising about your 
vice. If you do use manufacturers' folders or postcards, be mm 
that your personal imprint is well done— a rubber stamp is false 
economy, have it printed I In many large cities there are print- 
ing concerns that specialize in doing work of this kind. They 
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may foe located by referring to a telephone directory under the 
heading of *‘Imp^inting^^ 

When you decide to do some direct-mail advertising, make 
up your mind to plan a real campaign and actually go through 
with it. Don^t get out a mailing piece one month and then wait 
another month or two until you get another bright idea or find 
yourself with a little surplus money for promotion. Don^y start,, 
unless you are prepared to carry on to a finish. Try to get out 
a mailing a month if you can; or one every two or three weeks 
during the good radio season. Plan your mailings in advance,, 
so that your campaign will foe logical in its development and 
continuity. Try to get out a mailing before each large national 
broadcast, whether it be a prize fight or a speech by the Presi- 
dent. Some special cards for such purposes will be shown later. 

If you mail out letters you will be able to enclose ‘‘Business Reply 
Cards'' which the prospect can fill out, naming the date when he wants 
a service man to call, and mail back to you without postage. The 
postman collects the postage due from you when he delivers the filled-in 
business reply card to you. For this service the Post Oifice Depart- 
ment charges you one cent more than the regular first-class rate,, 
but It is more than worth It, for you do not pay anything for the cards 
which are not returned to you. Thus, if it is a return card (not an 
envelope), you pay the postman two cents. You are pretty sure of 
getting better returns if you use Business Reply Cards than if you 
merely ask the prospect to phone, for in the latter case he is likely to 
forget about It. One test made by a Kansas City service organization 
showed a B0% return from Business Reply Cards against 10% from 
requests to telephone. You can get a free permit from your post- 
master for using Business Reply Cards in the United States under 
Section SIO. P.L.&R. 

As suggested previously, it is advisable to follow up your 
direct mail from time to time, either by telephone or personal 
call. This will at least give you the opportunity to check on your 
direct-mail and see if it is registering with the prospect, 

Below you will find tabulated and described a number of 
difierent ideas that you can use in planning your direct-mail 
advertising. In adapting these to your purposes, it is assumed 
that you will '^personalize^* them as much as possible, injecting 
all the elements yoxi can to individualize your service. 

fl) Premiums. A logical use for direct mail is to offer a free 
gift or premium. There is, for example the postcard of- 
fering the free log (described in Section 32-9 of this chap- 
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ter}. This may also coatain tiie name aad photograph of 
tho salesman who will call to deliver the log. Person- 
alisation of this kind is always good, hut quite expensive. 
Several of the large tube ct)in|>anies supply their dealers 
with a stock postcard offering a free radio log with every 
service call. While this prenuurn is given the most prom- 
inent display on the card, the copy of a postcard put out 
by the National Union Radio Corp. takes advantage of 
the reader's interest and does a straight selling job on ser- 
vice, as follows: 

^TREE RADIO LOG WITH EVICRY SERVICE 
CALL, Cali us to inspect or repair your radio. Expert 
service, all makes. Written guarantee. Standard parte, 
Professional work. We are equipped with up-to-the- 
minute data and modem precision testing inetrumenta 
for most efficient radio service work. See Special Offer 
Other Side of Card.'* 

RCA puts out a stock card (see Fig. 32-4) with a blind 


Fm. 8B-4. — A dtrect-mall mord 
which makes a ^^bltnd"' premimn 
ofSer counting on the reader^ 
curiosity to attract hhn Into the 
store. Naturally, he should be 
greeted in a friendly manMr 
rather than by high-hvessure 
sales methods. 

(Oimrt«»v MCA MadHoirpi^ O*,) 

premium offer, counting on the reader's ouricwsity to get him 
into the store. The card reads: 

^*We have an attractive and useful artiele for you 
which we will be glad to give you If you will call at our 
store during the coming week smd bring this card. Please 
come early — the supply is liimted/* 

(2) Free inspeotion. If you r^Ry beEeve It is pmd Irndnem to 
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offer free tube tests or free set inspection (the general con- 
census of opinion among the radio servicing fraternity seems 
to be against this practice) it is most advisable to state 
specifically just what is free, in order to forestall complaints 
from your customers (see page 1211) . For example, a Brook- 
lyn service company gets out a card offering a free 
check-up, which includes examination of the antenna and 
power pack, testing of tubes, speaker, voltages and noises. 
There is a place for the prospect to sign name and address. 

Another free inspection offer that purposely makes every- 
thing clear to avoid any possible misunderstanding is used 
by Marconi Brothers, Inc., of New York City. This is a 
double post-card, one half being a Business Reply Card 
for the prospect to fill out and mail back. The copy reads : 

^‘Is your Radio out of whack? FREE INSPECTION. 
Has that rich tone gone sour? Does it roar one minute 
and whisper the next? Or howl . . , ? It's been a real 
friend . . . perhaps just a simple adjustment or just a 
single tube or perhaps a more costly transformer re- 
placement is needed . . . but what of it! Don't wait an- 
other minutel It's worth it, it's your real friend. Tele- 
phone— or mail the card! We have a real laboratory 
and our men are Radio Engineers. You can depend upon 
an absolutely accurate examination, you can know the 
(complete cost in advance and above all know that the 
work will be done well. FREE INSPECTION EN- 
TAILS NO OBLIGATION.'^ 

The natural, easy style of this copy cannot help but in- 
duce confidence and a feeling of friendliness. 

In announcing a fixed charge for an examination or ‘^tune- 
it is always advisable to state specifically what you 
will do for the money. Invariably this will be more impres- 
sive than mere generalities, and will avoid unfortunate mis- 
understandings and disputes later. An example of this is 
furnished by the double post-card put out by a large New 
York servicing organisation, offering the ‘T2 Services for 
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tL‘'^ This psihtioiilar 
card is illustrated in 
Fig. 32-5. 

(4) If you don*t believe 
in free exammations, 
etc., why not tell your 
customers so and give 
them your good reas- 
ons for doing so. The 
card shown in Fig. 
32-6 puts this mess- 
age across in friend- 
ly but convincing 
style and is likely to 
inspire admiration 
and confidence in 
your prospective cus- 
tomer as well. 

(5) One of the most effec- 
tive subjectn for a 
direct mail piece is 
that of ^%eIf-servioing^^ 
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Fkj. » 2 - 5 .— a direct-mail card which 
lists 12 simple services for fl and 
makes clear just what these will Ij# 
so that there will be no miaundar- 
standlng regarding them. 


Almost anyone will read some- 
thing which looks as though it will tel! him how to service 
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flO. S2-6.— »A 
direct-mail well- 
planned card 
that clearly 
states deftnite 
cbjectiona t c 
free radio mt- 
vice* and at th# 
same time tends 
to c o m m a n d 
prestige and 
confidence for 
the sender. 
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his own radio. While you may actually .give away a few 
tips in such a piece, you can very easily make It apparent 
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to the reader that if he wants a real job of servicing done, 
it^s necessary after all to get a trained technician. This is 
the theme of two good direct-tnail pieces. One is a stock 
folder supplied by National Union and is illustrated in 
Fig. 32-7. The other card is used by Hulbert of Los An- 
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Fig. 32-7.-— a ‘^self-servicing” folder which looks as though it 
might tell the recipient how to service his own radio set. It actually 
gives him a few tips and thereby commands his attention. 


geles and is shown in Fig. 32-8. The latter has other good 
points, for it also illustrates Hulbert^s test panel, and on 
the reverse side of the card has a station log and lists 
'^News of the Hour'^ programs. 

The use of test panels and other test equipment for ad- 
vertising purposes has not received the amount of consider- 
ation that it merits from radio service men. If time and 
ntKJoey are spent in an effort to equip the service shop with 
an elaborate test bench, then this equipment should be 
featured for advertising purposes for it is a worthwhile as- 
set to the shop. Some service men gain a great deal of 
worthwhile advertising from their test equipment by hav- 
ing it located right out in the shop where everyone can see 
it. Others do not approve of this arrangement, but men- 
tion the equipment and even show illustrations of it (sec 
Fig. 32-8) in their direct-mail literature, using this method 
to bring it to the attention of their prospects and customers. 
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Another sales letter on the self-sarviemg theme m shown 
below; 


Dear Mr. Jones: 

Do you know how to give First AW to a noisy radWt 

I'll tell you — but first of all, let me say that it all de- 
pends on what make and model radio you have. No two ar# 
exactly alike you know-each has its own little quirks and 
peculiarities; each calls for individual troatmimi. So let*'« 
assume an imaginary radio— say a “Blank 'Model Z*\ 

Now when a Blank — Model Z devtdopa a case of 
**noiaxtia**, it might be due to any one of 1 1 different causes. 
Let me Just list them for you — ^(1) loose coruioct ituis; <2> 
loose connection to oscillator series condenser; VS) loose ele- 
ments in the tubes; (4) corroded rotor contact or tuning: 
condenser; (5) ‘‘peeling^' tuning condenser plates; (6) Itsmky 
detector plate bv-pass condenser; (7) p<)nrly solderod audio 
transformer leads; (8) dirty volume control contact; (t) dir- 
ty or poorly-adjusted switch contacts; (10) noisy plat# cir- 
cuit resistor; (11) external electrical apparatus in vicinity. 

Well now, of course you might try to fix up your radio 
yourself by examining carefully each of those 11 trouble 
sources with the proper type of c<iuipmt>nt, ami using: the 
proper remedy. Or you might call in some olectriral tinkerer 
who is handy with a screwdriver and a jack-knife, but short 
on radio knowledge. 

But — if you really value your radio and If you really 
want to get that noise eliminated- ~ ‘^nill on trained tech- 
nicians, akilled in servicing all types of radios. Hav® tharn 
make a complete examination with the latest methods and 
scientific instrumonta, and let them mak# your radio m 
sweet and healthy as the day you bought It. 

We will be glad to make an expert examination of your 
radio absolutely free of charge and before proceed Ini: with 
any repairs we will be glad to give you our written ^Dlag^ 
nosis^' showing you just what needs to be done and juat 
how much it will cost. Return the post-free card today-— or 
telephone Main 0000 — and our radio ambulanoe will be on 
its way I 

Sincerely youMt, 

THE RADIO DOCTORS 

(signed) 

Surgeon-ln-Charge 

A -variation on the radio doctor theme is the **radlo d«n- 
tist’^ A postcard may be prepared with a humorous car- 
toon showing a ^^humandaed^' radio set b^ng operated on Id 
a dentist^s chair. Neact to this cartoon, suitable copy may 
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be imprinted to tie in with the illustration. Copy appro- 
priate for this purpose might read as follows: 

HOW LONG SINCE YOTJR RADIO’S BEEN TO 
THE DENTIST? 

You can’t neglect your radio and get away with it any 
more than you can your teeth. Play safe and let the Radio 
Dentists look it over today. 

ly^ybe it’s only a filling or two. Or just a good clean- 
ing* But if it’s so far gone that we have to make an extrac- 
tion, you can be sure we’ll make it as painless to your pocket- 
book as we possibly can. 

Call Main 1000 now and well come right over. It’s only 
a dollar for the examination and ^‘tune-up”. 

THE RADIO DENTISTS 

(signed) 

(6) Your servicing equipment is always a feature you can 
capitalize on. Here is a card (Fig. 32-9) with a simple 
illustration of a test panel, that reads: 

‘^EVER SEEN OUR TEST PANEL? It's the most 
up-to-date scientific instrument there is for spotting 
trouble in your radio. It tests your tubes, resistors and 
condensers. It tests for short-circuits, open-circuits, de- 
fective parts, alignment of fixed tuned stages, etc., etc. 
Bring your radio in and watch us put it through a com- 
plete set of tests— or phone Main lOOO — and well come 
and get it. 

As mentioned in Art. 32-7, the Cathode-Ray-Oscilloscope 
makes an excellent attention getter. Fig. 32-10 shows a 
specially prepared card which uses the oscilloscope as bait 
to get the customer to visit the service shop. The Oscillo- 
scope can also be featured in a window display. 

(7) You can use a certain coming broadcast program as an 
attention-getter in direct mail as well as in telephone sell- 
in, This method is especially effective if the program is 
to be a national or international event that has been wide- 
ly publicized in the newspapers beforehand. Many people 
will consent to have a check-up of their radio receivers 
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for the shop. 
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made at such times. RCA has an attractive it^k po«t- 
card (shown in Fig. 32-11) for this purpose. It rcadi: 

‘‘DONT MISS HEARING On 

At .M., over Station 

This program is of Hpccial interest to everyone. W« 
know you will want to hear it. II your set is not work- 
ing perfectly, call our service departm«at. We wilt re- 
store your set to first class condition.” 

Another effective card of this type is shown at Ihe left 
of Fig. 32-11. The illustration and caption attract attention. 

(81 Some alert service men not only build up an excellent mall- 
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ing list but also do some fine business by conducting Noise 
Surveys. Jackson's Radio Service in Lexington, Ky-, dis- 



BLANTK 
RADIO SERVICE 

IVO IMiiilw. 

jm»wvo*i.k 
-WnJrt -looo 


£ver seen mtr 

TEST PANE! ? 

l>b» ao«t «Lp-(o*.il«ta aol- 
«ntiria’ InatvtuMnt atiaT* U 
for spot tide troabl* la ^oar 

riiAio^ Xt .jrotxr <ub«t« 
ro»l»«or»'»ad ooadaaaar*- It 
taata for «toort*olVottlta, 
«paA<>Olr«ulta, dafaotl'va, part*. 
«l).|liaMwat &f tij»A tottaid otaMi**, 
aito.» at*. - 

flriiME your a«t in nad aatoii 
ua put It ihrcmi^ n aoaiplat* 
laat tit tmn%m «ttb our taat pan^ 
nl -v.' ar idauiM ynla lOOO aaU 
Wi*ll «WM mu* gm* tt. 


Fig. 32-9. — A direct- 
mail card that capitalizes 
on the test panel of the 
service man and creates 
the feeling- that he is well 
equipped to solve any ser- 
vice problem that may 
arise. 


tributes a postcard (Fig. 32-12) which reads as follows: 


HA DIO OWNERS I IS LEXINGTON THE NOIS- 
IhKr OITY FOR RADIO HECEPTION? Every resi- 
dential district is to be checked with special equipment 
for power leaks, sign flashers, etc., by JACKSON'S 
RADIO SERVICE as an extra service at no cost to you. 


Better radio reception will be the outcome of this radio 
noise survey. Please answer the following questions and 
mail at once so your district will be checked immediately. 


KIND OF NOISE 
INl'ERFERENCE 

ADDRESS 

OF RADIO 


TIME OF MOST 
YOUR NAME AND 

MAKE 

AGE ” 


Of course the cards that come back give this dealer a made- 
to-order set of data to use in soliciting business. In the 


Fm. S2-10.— A direct-mail 
card that capitalizes on the 
interciifc whicli the visual pic- 
turea of the Uathode-Ray Os> 
cilloacope will arou«e in th< 
prospect* 

ROA BadUtrttn Co.) 


RADIO WEAK? 

IVa oMi MM wi wJl Mi hmrne Mwwtlf 
whmt li -wtomift with, >r»wr rmAio om ««*• 
R<yiO*thp4j»»iyOM»ui^ipi». fiirop 
Iwt* owe Bmrvtoo Dipirtmwnt mm< 
iJhli rttvuwlMhli LiwtrumMtt. 


We reeemm m iel ooJ htlell the IKA WoeU‘^l*^* Sifttmmt 
A mtteMlir for mhm*hee th»rt>weee retefi^om. 

YOUR IMPRtHT HERE 



store Jaoksoa had a large map of Lexington on the wall 
with the trouble areas marked. This gave his customers 
proof that he really was “shooting interference’’ for them. 
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<0) You will make a hit with new residents in your community 
if you send them a frientlly letter welcoming them and 
offering to install or adjust their radios at a special rate as 
a neighborly courtesy. Such an “introductory” offer is well 
justified as “sales i>ron>otion”, for it is almost sure to re- 
sult in future “pay business" from those people. Lists of 
new residents are often available from merchants associa- 
tions, boards of trade, chambers of foninuTcc, real estate 



You WiD Want to Hsmh- 


le SfM 0*%* 

»MI )•*«•< yatMT mSiS 



Fig- 82-11* — Two direct-mail cards that m% m particular future 
broadcast progfram as an attention g^etter and a® a reminder to have 
the radio set checked over beforehand so that the progrram will be 
received satisfactorily on the prospect'^ receiver. 


boards and community orgfinizaiionH or they can be com- 
piled from the ^^personar^ columne of the daily **lm^** 
newspapers. 

(10) If you handle radio accessories, and get hold of some good 
equipment at a very low price, you can offer this *%p«€lal” 
to advantage in a postcard or letter. It is risky to dep«ad 
entirely on manufacturers* specials for your busioaM, but 
when used in the right way they often have their value. 

(11) In times when people haven*t the money to buy new sets, 
there is a good business opportunity in rebuilding wto- To 
get this type of business Mr. F. C. Rookhill of St, Bi^^s 
35^0, N. Y. sent out this sales letter with good r«iult«: 

Dear Sir; 


^ A SUPERHET- 

ERODYNE with all the latest trimmings — automatic volume 
control, tone control, selectivity that allows you to cut 
through interfering stations and bring in the one you wish 
to hear clearly. Power enough to pull in far distant stations 
with 
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With the advent of pentode and duplex-triode tubes, radio 
sets have been greatly improved. All the new sets have these 
tubes and we are prepared to rebuild your set so it will use 
them. 

We are proud that we can bring these improvements to 
you at such a low cost. We can safely guarantee that your 
set’s power and selectivity will he doubled and the tone 
greatly improved. 

Very truly yours, 

F. C. ROCKHILL 


The National Union Ttadio Corp. supplies a series of post- 
cards primarily for securing new-chassis business. Many 



RADIO OWNERS H! 

I«E 


tn the Noisiest Gty 
idio Reception? 

Ev*ry'rcaliUntia] diatrict 1» tp Wchpclcpd wkhtpacUd 
for pcw«r loaka, lign flHhcra. •»., by 

JACKSON’S RADIO 
SERVICE 

aa in »*tr» »«rvlit« ,M ni> rnlat l« you. Saltpr. radi* rtiitp- 
iIph will «rt ih. CMilcpm* at thli mdlP n*l*« aurray. FItaat 
rnmvre Ih. <ollawln|f qaallPni and a»ll <1 onp* year 
dUli-lPt will UylirekHl liomrillaVily : 

NOi SI C on tf nufti * * oi* * 

W.T.Mllbourn, 13,8 Pa 2 ;lji..Ar. 

MAKS or SADia Nlcifisst as* 1834 . 

NfaU la JACKSON’S RADIO SERVKE 


Radio Motaii'kikff and JackMon'a 

Mmd'io BsnHos ) 


Fm. S2“12.— A direct-mail card that features a noise survey 
tnade in the locality. A card of this hind cannot help but create the 
imprasslon that the service man in question knows all about the noise 
problem in the vicinity and is well qualified to eliminate interference 
fn any radio InstallatTiona At the same time, it serves to give him 
leadi to prospects who are really in need of his services. 


a^rvlca men have done a considerable amount of this type 
of busineea on a very profitable basis. The improved re- 
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ceptiott. resulting fnnu fairly inexpensive installatiun of the 
modemissed chasHin never fails to win wet a HatSHfiecI cus- 
tomer that can beeininie<l on far future >< rvh'iii|!; businesa. 
One of the cards prepared especially for thin purpose reads: 

“KIOKP YOUH BEAUTIFUL HADIO 
BUT .... Let us brin^ it with a enniplete 

new radio ehasHis, inehuling dynainie loudsjKuiker and 
all the latest iinpn)vonu‘nt.s . . . till-wave hjreign recep- 
tion, atitoinatic vulmne control, iiiiproveti tone, iicaseBiip- 
prcssion, superheterodyne circuit, etc. The cost is «o low 
that it is (ujinparable with the average ‘*Mhlget*^ radio 
set. Call on us for any radio service or repair pr«»blem* 
Estimates gladly given. All work guarantciMl.'' 

(12) The National Union Radio Oorp. presents another good 
naerchandising feature in one of its po.'^teard offering tc 
FIG. S2-1S. — A 
direct-mail card 
that presents an- 
other good mer- 
chandiidng fea- 
ture — that of 
loaning a radio 
set free during 
the time the re- 
pair job ia being 
done, so that no 
programs will be 
missed. 

{Court^sp NtUioiml 
Vninn Tub« Corp,) 

loan a set free during the repair Job. This card ii llltiairated 
in Fig. 32-13 and rea ds as follows: 

^^ADIO SET LOANED FREE ^ AVIIILE WE ARE 
REPAIRING YOURS. We don^ want you to miw a 
single moment of radio enjoyment. When we take your 
receiver to our shop for overhauling and repair work, we 
leave a set operating in your home. There is no charge 
or obligation for this special service. We are Qualiled 
Radio Experts, fully equipped with modem insfcrumenta 
for radio testing and repairing. Lowest pricM* Every 
job guaranteed. Call on ns with confidence/^ 
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li'Very job guaranteed. Call on us with confidence.” 
This offer is a good example of the “hook” which here not 
only stimulates action but acts as the main featxme of the 
mailing. 

fl3) Human-interest is a safe subject for any kind of adver- 
tising. Here is an illustrated post-card (Fig. 32-14) which 
was sirnply and inexpensively reproduced on a stencil and 



Fig. 32-14. — A human-in- 
terest type of direct-mail 
piece which is simple and in- 
expensive to produce. 

( Courtesj/ Elliott A ddrtssetinp 
Machine Go.) 


run off cm an Elliott ^*Cardverti8er'^ This is a fairly in- 
expensive hand-operated machine which will automatically 
address from stencils and print the complete message on 
125 cards in less than 6 minutes. The copy for the card 
shown in Pig. 32-14 reads: 

got a swell radio — . . Gee' . . We can get ANY 
station— anywhere. So clear it's like havin' the orches- 
tras right in the same room. The Pire Chief an’ Will 
Rogers walk right through the door . . , Wasn't always 
that good, tho' . • . just since Public Radio Service put 
it in shape. Dad said it cost next to nothing." 

You can use your own personality as a human-interest 


Pw. 32-15. — A direct- 
mail card that uses the 

personality of the radio 
Mtrvice man, as a human- 
interest subject and tells 
about his progressiveness 
and radio education at the 
same time. 


I JOHN JONES 
RaaioSprvice 
Technician 


I went to school- 

Z WMMfc't vrlDk iMilnc * c«o<L 


I wmt fro MhoA — XmotimA. all a- 
frMfr »Ml.XJA«oora. JwOjsorB. and.!* MvZfr- 
riMra. latomotflAt* wmtmm tvCbmm, 

•Xoatrloaa latarfoma*, aofrfrofro.vagr — • «oXX. 
t« olmfr. Z •tadioA. aXl Um Iktaa* MUatlZla 
■•Itaoda for Aolac » froitor Jofr oZ cor- 
rLali^ amro mowmIoaUz* 

Bathayo that*! afr|r ae aaagr af ay aai)» 
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»iibjeet| too, ami by nwing a similar card, with a sieaoii 
roprodviction of your saapehot, you can got oat a highly 
personalissed mailing at low cost. B'or example, tlio card 
shown in Fig. 32-lS, which reads: 

WENT TO scniool — I wasn’t aatbfkcl with be- 
ing a radio *handy-man*. I wantad to become an expert 
technician. So I went to schooh— learnctd all about os- 
cillators, Bct analyzers, audio amplifiers, miennediate 
frcciuencicH, vacuum tubes, electrical interferciu'c, oath- 
ode-ray—well, in siiort, I studied all the latest scleatifie 
methods for doing a batter job of servicing more eco- 
nomically. Perhaps that is why so many of my cus- 
tomers today recommend me to their friends. Perhapi 
they have to you— but in any case won’t you come in, or 
call up~and let me look over your set without obliga- 
tion? I may be able to save you soma money.” 

(14) If you service electrical household appliimcas as wall as 
radios, you will be interasted in two mallmg places that 
have been used with great success. One of them, issued by 
the Colony Radio Company of Washington, D. C., Is a 
V X 9"' card (shown in Fig. 32-16) which was distributed 
from door to door on a systematic schedule that kept a 
steady flow of business coming in all summer. The card 
features ‘^REPAIR SERVICE ON ALL ELECTRICAL 
HOUSEHOLD APPLIANCES AS NEAR TO YOU AS 
YOUR PHONE” and has **thumb-nail” illuitratlona of 
waffle irons, house wiring, radios, washing machinal, vsw- 
uum cleaners, fans, irons, and miscellaneous appliances. 

Fischer «fe Smith of West Englewood, N. J. we»t a ekp 
further by offering apeoiflo types of repair service for deftn- 
ite ^^flat-rate” pnoes. On radios, for example, ^ey oflwred 
a general *^tune-up’“^ for tL50 and a complete shop overhaul 
for 16. Likewise for washing maoMnm <ki tihle owd 
(Pig. 32-17) the prospect had places to check Wie tyi^e of 
service desired and fill in his name, addram and time vdbmi 
he wanted the service man to call. The hmk of tibe card 
was originally used lor a Bueineas Reply Card form, but 
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since it was found that most of the service requests came 
by phone, it was changed to a station log. A quantity of 
these were printed and distributed for a total cost of $20 and 
resulted in approximately $200 worth of extra business. 

(15) Radio acccHscndes, like electrical appliances and manufac- 
turers* specials, are often worth promoting by direct mail. 



Hudin HiflaUinyt and Oolony Madia Oa.) 

WtQ* 82-16.— "A piac® that tcHs about a general repair 

gervliM for all howatbold electrical devices as well as for radio sets. 
It also intr^ucei tho pcrstninlily of the owner and manager* 

RCA hft« put out a number of post-cards for its dealers on 
Phonograph Record Players and Antenna Systems. One 
of these tpeelal phonograph Eeoord Flayer postcards is il- 
lustrated at the left of Fig* 32-18* It reads as follows: 
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^‘HAVE YOU OLU KECUmOS . . . AN OLD PIIO- 
NOGUAPH? When you ean*t get what yciu want im the 
radio wliy luit listen ytjur old favoritea on your plioiio- 
playeti through your radio? It eoBi» very little 
to install an electric motor and pickup in your okl phono- 
graph and connect it to your radio . , , Than you can 
have the music you want when you want It, without 
even l)otliering to wind a spring. Phone %m; well be glad 
to tell y<n3 more about it/’ 



(CmtrUifp mud a MmUh) 

Fm. S2-17.-"— A direct-mail piece which offers not only ipaelftc 
types of service on all electrical household appliances for ttat-r«^ 
prices but features a useful station log as wall. 




CM, 3CXX11 


HOW TO BELL YOUR SERVICE 


12B9 


Many eervice men have capitalized on the phono-radia 
anjgle of the radio bnsin6ss;i» not only to sell phonograph, 
pickups, electric turntables, etc., but also to sell tubes and 
minor repairs in the radio receiver. 

Here is the copy which appears on the Noise-Keducing 
Antenna System post-card shown at the right of Fig. 32-18: 

“YOUR RADIO CAN TAKE IT. It takes all the 
noise and interference and passes them on to you unless 
it is equipped with a scientific antenna system. For 
short-wave reception especially, you must have an eflS- 
ciont antenna. We specialize in antenna installations 
and recommend the noise-reducing RCA World-Wide 
Antenna System ... a remarkable "double-doublet” 
system that reduces noise and brings in stations you 
never got before. Let us make a Certified Installation 
. . . Phone us today.” 

(16) If your location is not well known to all your prospects 
(especially if you are new in the neighborhood) it may be 


YOU OU> RECORDS 

• OU> PHONOCRAPH r. 



H i« rem wJKT?*. v<m c«ni »mv* ijn^wia 

vfM wKm ». wRtMMA *»•<> U wind « xKWif , 

Km wnH eUd I* WU <*«•« MhmA M, 

won imwwkt mew 

^iWnai A d drnO PilRfM Nnwlm 

Chv Mtd Stilt* «* SWtMi 



Vour Redlo Can Take It 

HlnlwnlUIlf no!** wkI lnl«rUr«nc**iMl 
pMMtilwn nn li»voi* wihm M K aquIppMl 
wUh m «cl«n<ilU MitaiiM r|r*l«fn. For ^a<t> 
wn* fnMpdoa «>|i«ct*llY. >ott muM Imv«i 
M» niriqltntnntniiM. Wwip«cl*U(*li«*nt«niM 
InaUlUntsm •nci fncnnimviiwl th* nal>«.^»- 
dweinv KCA W#fW-WW« >\n*«nn« Sy*t«iw 
. . "dtiilkU-daiibUl *' 

Ihal wduM* ii»Im nmi bflngi In fUllyn* vox 
n«v«i get bald*. Let »• mk* • CmrtifItJ 
InUtlUlhn . . . tK«nn toAy, 


yOUK IMPRINT HERE 
d A*Mi«m Pn«iMi K«i 

Ct*r and Sm* w Slogan bn* 


(0'<mr««fif MCA JRatMoCt^n Oo.) 


Fl0a B2-18. — (L 0 ft)i A direct-mail card that promotes the sale 
of eleetrle phonoicraph motors and pickups. 

(Right ) ; A direct-mail piece that promotes the sale of uoise- 
tmminfi antenna installations — especially for short-wave reception. 


a good idea some time to pfc out a simple post-card with a 
roug^i map drawn on the stencil to show the exact location 
of your shop, such as the specimen illustrated in Fig* 32-19. 
This one even shows the sign that the customer will find 
hani^ng outside of the door of the shop when he reaches it. 
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1 17) IlhiHtraU*cl in Fign. 32-20 ami 32-21 you will fimi t wt» ilireet- 
mail pieces advertising tubes ami eervlee. Another good 
piece (one side of which is shown in Fig, 32-22) i» m folder 


Fhu 32-ia, A direct- 
mtiil riird that iH 
fy Mppi'cpritttc fur m new 
4i»rvH*c firu*p. 1 1 Id In the 
{ir<»i4pt*ct cxii€*tly where tht 
■ihop in, and even illua- 
Iratri* the aign which will 
hr f«*und ciitHid« the dwr. 


supplied by the Hygmde Bylvtmia (*t>rp. to itii deakTs. It 
has particular merit in that it explains anti ilhistrates servic- 
ing procedure in a way that is pretty eure to interest the 
average prospect. The copy rcadM as follows: 

“NOISE -- FADING TONE -- DIBTANrE -- BLARE 
^ INTERFERENCE — CEACKUNC — WE CAN SPOT 
WHAT’S WRONG WITH YOUR RADIO AND FIX IT — 
PROMPTLY --- REASONABLY! , . . IT MIGHT BE OMLY 
WIRING. Radio receivers— -well made Si they arih—dtvelop 
loose wires, corrosion, are subject to maladjustmentii da# to long 
use, abuse and natural deterioration of parts* When your re- 
ception is off-color our expert service men will make repmira 
thoroughly, promptly, reasonably. SOMETIMES THE SPEAK- 
ER CRACICLES AND BUZZES. Room tmmp^mtnrm. Tlferatlo*i 
and wear all can affect the accuracy and qiuallty of the modemri 
speaker. Adjustment is usually a simple Job for »» 4>ccau«4‘ 
we know how. MOST LIKELY ITS TUBES. Mtmt radio 
noises are blamed on the receiver or local interferenci* an<l static, 
when in reality it is worn out tubes giving you a warning you 
failed to understand, Don^t let a few weak or worn out tulbi» 
spoil your radio enjoyment. We will gladly test your fcub«t at 
any time and demonstrate why Sylvania tubiiH— teat^ for a 
set like yours— will give your radio new life. And they ocwit 
so little. WHATEVER YOUR TROUBLE. Whether your 
radio needs circuit checking, speaker adjustment or one or more 
new tubes — whatever your trouble, you will find our a#rrl« 
prompt and reasonable. Your inquiry puts you under no oWF 
gation. • **€hange your Spark Plugs every 10,000 *S#e 

your Dentist Twice a Year/— and let us CHECK YOUR RADIO 
rf ONLT ON SUSPICION. MAKE OUR SERVICE DE- 
PARTMENT YOUR RADIO HEADQUARTERS, We lay 
special emphasis on our personnel of trained radiotricians, com- 
plete testing equipment, stocks of tubes and small parts for 
prompt service in the home. Although our service call may 
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b€i short and the charge correspondingly small, we know yon 
will not forget us when complete overhauling or perhaps a new 
radio is needed. And you will appreciate the businesslike and 
courteous manner with which our experts go about their work 
—and do the job well BRING YOUR RADIO TUBES IN FOR 
FREE TEST— or call us for house service any time you need 
anything in radio/* 

32-9, Other Forms of Advertising and Merchandising. — 
The value of newsi)ai)cr advertising for the radio service busi- 
ness is always a matter of dispute. In some cases it pays out 
very well; in others it is a total loss so far as tangible results 
are concerned. The only way you will know its value in your 
own business is to test it out; nor can you expect to make a 
fair test with less than six insertions. Check the response as 


MV 

MCA Mtn/htnm 0 


(OowrtMMV BOA Radiotron Oo.) 

Pxa. 82-20. — Two interesting direct-mail pieces which dramatize 
the fact that tubes wear out ana should be tested periodically. 

well as you can — ask the people who come into your stpre whether 
they have been noticing your advertising. 

The advantages of newspaper advertising are that it reaches 
a large audience at a relatively low cost per reader and gives 
you a good tie-up with your other advertising mediums. The 
disadvantages are that it is a non-selective audience (you have 
no way of picking your prospects) , that you need constant repe- 
tition of your message in order to make any impression — and, 
in the case of large metropolitan newspapers, you also need large 
space. 

For the average service shop, large-space display advertising 
ii generally inadvisable, except when there is some outstanding 
special item to offer. You can get the assistance of the news- 
paper in laying out your advertisement and in obtaining the art 
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work ncceftsary to give it the right appeal. Or you mmy pmim 
to use supplied free by rnaoufactiirerti or purchased from 
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Fm. 32-21. Another dir- 
ect-mail piece which dramii- 
tisscfn tube w«*knc»« «i»d ad- 
verti«e« free tub# tc«t«. Lit- 
erature of thia kind awakexia 
the radio aet owner to the 
realization that hit ttilm 
may need teiitinjc and replaise- 
ment. 


xo • a » X.X. t » XA»X 0 axxriQS 
on utxirottm aw. ax m.* tr. ICit t«mk m 
ruomumjxmpo o~sn»r 


( A'Uivtt M 


a commercial “mat fciervioe’'\ Some of the manuiaeturers* mate do 
a real job of promoting the interest of the service man. The one 


and Fix it-PROMPlTLY-REASONABLYI 
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iOovurtmf Ryjirad# 


Pig. $2-22. — A. folder that dramatiasea radio acrvidtig prooadara 
m a way that is very likely to^ iatereat the avemge non-t^hatiml 

prospect. 


which is illustrated in Fig. B2-2B is an emmple. (A matp or 
matrice, is a piece of special composition oaitiboard In which an 
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impression from type has been made. The newspapers make an 
electrotype direct from this mat, inserting your name and ad- 
dress at the proper place in it. 

Small-space display advertisements are more practical, pro- 
vided they are used frequently enough. Star Radio Company 
of Washington, D. C,, insert a simple one-inch single-column 
advertisement (see Pig. 32-24) 
every day in the year and get good 
results from it. On the $1. call 
advertised they furnish minor re- 
pairs, testing of antenna, ground, 
speaker, chassis, connections, tubes, 
general analysis and free dial 
lights. This is not very profitable 
in itself but it leads to good future 
buBiness, An even better ^'card'^ 
to use regularly in the newspapers 
would be one which advertised 
some house specialty, stating 
specifically the service rendered, 
and used purely as a '^come-on''. 

A similar card, consistently 
used, often produces good results 
in the classified section of the 
newspaper, listed under ^^Radio 
Service'^ The same principle ap- 
plies to card advertising in your 
local classified telephone directory. 

Advertising on the programs 
of local radio stations is an op- 
portunity that far too few service men take advantage of. There 
could be no better time to approach your prospects for business 
than when they are actually listening to a broadcast on their 
own radio set which may be giving them poor performance, and, 
furthermore, you can be sure that everyone who is listening is a 
real prospect either for the present or the future. Tlie most prac- 
tical way to use radio advertising is through ^‘spot announce- 
ments'', that is, commercial announcements one or two minutes 


• SET ANALYZER 
A aoianti/io 
maohanmin uamdin 
modern. ratcUo aarvicat. 

Your radio is a delicate, 
complex instrument. Only fully 
equipped professional service 
experts can fix it riglit. We’re 
equipped. We have complete 
data on all make sets. W& giva 
m writian guarantaa on our 
work, use standard parts and 
charge fair prices. Call tit for 
the expert radio service .... 
qtiick and efficient. 

MAUrs n>sms and AeoRais 

ttOTMi Wm Mrm 009$>*trmHnS with 
fiimmi Unitxn lbiar/» 
mMnufmotutfa of pro. 

fmtfio to imprtw 

rmttio ww^iem undor thm 
SVifA ot JTSIoAnctx. 


Radio Corp.) 

Fig. 32-23. — A typical part- 
column. ad for insertion in 
the local newspaper. Mats 
for such ads are available 
from noanufacturers. 
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m l«agth. The cost depends on the Ibtenlng ares and power of 
the station, and may run somewhere between $5. and |25. per 
minute. Consult your local station for rates. ^*Contin«lty^* for 
this announcement can be obtained free from yotir statit^n or 
from tube manufacturers. There is no reason, however, why you 
cannot write up your own continuity. If your station will per- 



BBTTER RADIO 
SERVICE- CAU 

STAR RADIO 

phone Dis. 4700 

DAT OR HlONT 


Fio, a2-24.--ThSii mlmpU U 
Inch acivtrtia#- 

ment which has beta i«»frt«d in 
the IdcaI newHpuper every day 
in tha year by on© radio atrvlo# 
shop has proved to bt a worth 
while buainsiii g:©tt#r. 

(Odvr<«Miir MeiU ^^§mM mnd #Oir 
Madio Vo*) 


mit you to do it, a **blmd** tagged on to the end of a good broad- 
cast announcement may pull the best rwulta — ^eomethlng like 
this, for example: 

^ We wish ©specially to request all our listeners to let us know 
if they had good reception during this past program . Please 
write, addressing , care of the station,*^ 

In small towns, advertising slides in the moving picture 
theatres have some value. One must always remember, however, 
that many movie patrons are annoyofl and antugoiu3Jc<i by this 
form of advertising which is more or less boring beoauise it is 
usually overdone. Arrangements for slide showini^ can often 
be made on an exchange basis for P-A service work on the thea- 
tre's sound equipment, and the slides themselves can be pro- 
cured free from some tube manufacturers. 

If you have a delivery truck, take every advantage of It m 
an advertising medium. Dress it up to give it the maximum dis- 
play. By using a little ingenuity you can make It distinctive. 
Anderson Radio Hospital of Seattle, for example, use a truck 
(shown in the upper right-hand comer of Pig. 82-25) that very 
cleverly suggests an ambulance. If you want to tiy wiine^lng 
really sensational, set up a ^'Service Shop on Whesis^’', doing idl 
your service work out in the field and carrying all your equips 
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jHCM ^ «wti ; Jh'cintter^'* HacUo Utore} Anderson UadUo MoapUdl: 

illl«4l« Empi^tA df Akrdn, OMof A-t Radio Co,/ and Oaaoaddan JSotmd Soroiaa), 

Fia. 82-26. — Five examples ot impressive radio service trades 
that give their owners a £reat deal of worthwhile advertisingr every 
day, l>eside8 providing transportation for receiverii, supplies, etc- 
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meEt m liie truck, W© have never umn it done, but there ought 
to be great advertlaiog possibiUtiee in It if it is handled light. 
By making arrangeiucnts with one or more local amateura you 
could possibly have phone calls for service made direct to them, 
relayed on to you by short-wave which you can pick up in your 
truck. This will give you an exceptionally good opportunity th 
feature short-wave installations and adjustments. 

If you epecialiae on F-A work, you will of courw want to uee 
a sound truck, such as the one shown at the lower right of Fig. 
32-25 which is used by Cascadian Sound Equipmtuit (Company 
of Hood River, Oregon, and keep it circulating freely wherew 
crowds gather, at fairs, airports, parades, municipal evente, etc. 
Of course the lettering on the panels of the truck should be doi>« 
by an experienced sign painter so that it will look well. 

Even your business cards and letterheads should be deeigned 
from an advertising standpoint. If possible, illuitrate them, and 
in any case, make them distinctive, but do not make the mb- 
take of trying to say too much on them. This appliea especially 
to card )if you distribute them from door to door) , for unl<« the 
cards really get attention, they are hardly worth the eflfort to 
distribute ^em. A typical example of a card which can be ob- 
tained at small cost is shown in Fig. 32-26. A neat letterhead 
which carries the same monogram as the card is shown In Fig. 
32-27. 

Make use of every opportunity you can get to obtain free 
publicity. Newspapers are often glad to take a story on somt 
unusual prise contest or merchandising stunt. If you do P-A 
work there are many chances to publicise your iastalladm®. 
Perhaps you can write a Question and Answer column on radio 
problems in your local newspaper. That would not only give you 
good publicity, but would give you a little extra income h^sldee. 

Keep your eyes open for every opportunity to promote a 
new merchandising stunt that will appeal to the public. A new 
twist to a special offer or deal might bring you a lot of busing. 
Or try a prize contest to bolster up a slack season. For example, 
offer a free radio for the best list of stations received two hun- 
dred miles or more distant. Furnish the contestants with free 
logs and verification cards. You will Bind that this will not i»ly 
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create a lot of public interest, but will also stimulate some sales 
of antenna installations. Or make a feature of premiums and 
"'give-aways'^ If nothing better is available, use logs. As you 




TEL. EVERGREEN T-OaSO 



Oark^s Radio Service 

i - . 


•O U A 1 

i 

RANTRKD RADIO SKRVICK 

William Clark 364 Graham Avenue 

RADIOTRICIAN BROOKLYN. N. Y% 


{Oo%JLrt«9y A.reiurw JRadKo Tubr Cn.) 

PlO. 82-26. — A typical example of a small business card which 
effectively advertises the service business. A card of this kind would 
tie in well with the Radio Hospital service trucks illustrated in 
Fig. 82-26. 


know, there are elaborate logs in the 
able at small cost from manufacturers, 
tlon log has some merchandising value. 


form of booklets avail- 
But even a simple sta- 
There are many varia- 



CLARieS RADIO SERVICE 

OfcAHAM Avaxvi 
BM0(»a.vw, N. Y. 


OUAM/tVtJIIBl} XAJDIO S M R V I O H 


{Courtesy Aroturus MonHo Tube Oo^) 

FlO. 82-27. — ^An example of a neat letterhead designed to tie In 
with the business card shown above. It carries the same monogram. 

# 

tions in form you can use in making up a log, and of eoursc the 
more novel, the more interesting to the user. Green Radio of 
KalamajGOo, Michigan have gotten out and copyrighted an im- 
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pmssive dial log m coliuloid (see Fig. 32-28)* wliicli i« tlie aort 
of tiling most any radio aot owner would like to keep and use. 
Watch Madm Eetailing, Badio Nem$, and other trade publica- 
tions for news about novel luerchaudisiug ideati' dn moat eases 

you can apply them to your own Immnvm. 

The matter of making the right i» a very import- 

ant part of success in busincBs. If yon do not sell new seta, by 
all means make an urrangement with a gocul ium-h>erviring new- 
set dealer to do servicing for his customerH* and perhaps also to 
make his deliveries. You can work out your deal on some com- 
mission basis or perhaps exchange leads, turning over to him 
prospects for new sets and electrical eepufunent. Through clubs, 


Pig. 82 - 28 . — novel dial 
**leg*’ printed on celluloid 
— ^with the name of the 
service shop at the top. It 
features both alplmostfo 
and he Hstdngrs of **within 
range*' stations ; N denotes 
NBC chain stations, C de- 
notes Columbia network 
stations, a program 

“fades'* or comes In noisily 
on one station, the listener 
can And * out immediately 
what other stations of the 
same broadcasting chain 
he can receive It on. 

Mvn A., 0> Gr§*n) 



schoolp, business groups, etc. you may be able to make many 
helpful contacts. And don't overlook your own local trade lyWK^- 
oiatiojd®. 

32-10. Selling Auto-Radio Servicing. — The auto-radio §eM 
is still growing and is on© of the most lucrative ild©4ln«i for 
service’^ It calls fur special advertistlng and merchandis- 

ing plan^, . Jt is well to contact all the garage* and auto repair 
shops in your vicinity and endeavor to secure their cooperatimi 
in r^ommending all prospects for sales of new sate and wrvle- 
ing of old* ones to you. Offer them a fair commission for evwy 
customelr’.!0ber turn over to you. If they will apes to iMe, 
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nish a conspicuous sign for them to display, This might read 
somewhat as follows: 


RADIOS 
Installed and Serviced 
in All Makes of Cars 
by Auto-Radio Experts 

When they get a call for this kind of work, you can either drive 
right down to the garage yourself, or have the motorist come to 
your shop. The extra advantages of specializing in auto-radio 
are that the greatest volume comes in the slack summer season 
and that it gives you an additional means for making contacts 
that will lead to home-radio work. Used-car dealers are also 
good prospects for you, since the resale value of a car is often 
increased when it has a radio installation. This type of business 
is profitably handled on a contract basis. The same holds true 
for taxi fleets. 

If you sell new auto-radio sets, you will find it helpful to 
arrange your different sets on display stands around the store 
and connect them up for convenient comparison. 

Your auto-radio business may justify the expense of getting 
a special demonstrating truck which you can keep circulating 
wherever motorists are apt to gather. In any case you can fit up 
your delivery truck for demonstration purposes on special oc- 
casions. If you are located in a suburban town, you can pick 
up some extra business by parking your demonstration truck at 
the railroad station late in the afternoon. If you do this, print 
up some inexpensive “hand-outs'^ on colored paper and slip them 
under the windshield-wipers of all cars parked there, offering to 
make a check-up or free demonstration on the spot. 

The best place to reach the motorist with an advertising mess- 
age is on the highway, so if you can put up some attractive signs 
in good locations which your local motorists pass by frequently, 
you find that they will serve to impress your name in their mem- 
ories and bring in new customers. 

32-11. Customer Follow-up. — ^People who have bought 
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radio service from you are your A-Number 1 prospeets for fut- 
ure business. If they fail y<m, there are two very eerious weak- 
uesses in your business — (1) either your service is umatisfae* 
tory; or (2) your folio w-up system is inadequate. Assuming 
that you know liow to do a good service |olu let us see what fob 
low-up methods are advisable. 

First of all, you should not consider your serviring job com- 
pleted until you have made some kind of check on the eat to 
see if it is w'ox'king properly and if it is giving good reception. 
This should be made at the homo of the customer within a week 
after the work is <lone, and it can be done by phone call, postcard 
or letter. The purpose of this contact is not only to demon- 
strate your personal interest to the custoxner, which is surC' to 
please and flatter him, but also to eliminata any poHnibility of 
kick-backs. Here are the contents of a postcard which the Clark 
Radio Service Company of Granville, Ohio mail out one w^k 
after every service call: 

Dear Customer: 

Since our reputation depends upon the radio latisfae- 
tion of our customers, we take this method to check up 
on the Berviccs rendered during the past few days. 

Was everything satisfactory and are you pleamd with 
the service? 

Any constructive criticism is welcome. We strive to 
do everything possible to give you the best radio servicei 
and helpful ideas will be appreciated. 

CLARK RADIO SERVICE 

QRY Radio Service, Inc, of New York send out a letter right 
after completing a service job- It concludes with this thought: 

‘^May we also mention that, from years of experience 
with many thousands of radios, we have found 
radio to require thorough testing and minor adjuitimwntt 
at least every four months, in order to insure continuoui 
satisfactory operation and to avoid expensive repairs 
which often result from neglect of such regular mrkm.** 
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This letter opens the way for the regular series of follow-up# 
w'hich every service man should use, and which unfortunately are 
so often neglected. The first step in such a system is a “tickler'^ 
file. That is, a card file of all your servicing jobs arranged ac- 
cording to the date when the follow-up should be made. Suppose 
you do a repair job on January 1st. You will at that time decide 
that July 1st will be the proper date to check on the customer 
for another inspection. So you will tabulate that customer’s 
card in such a manner that on next July 1st his card will show 
up automatically. Some system of this kind should be used by 
every service man, just as it is used by aggressive dentists and 
optometrists. You should have a series of postcards, letters or 
phone calls all prepared to use on these customers upon the ex- 
piration of the period you have set. 

QRV Radio Service have a very fine series of postcards which 
they send out monthly to their customers four months after a 
job. They employ humor in these cards by personalizing the 
radio set. The first one reads as follows: 

Hello, Doc QRY — It has been four months since you 
were here to see me, and you know it is time to look me 
over again. My volume control and tube sockets feel 
dusty, and some of my tubes are a little weak. When 
are you coming?” 

Ten months after the service work has been completed, this 
card (see Fig. 32-29) goes out: 

^'Hello, Doc QRV. — ^Do you suppose my owner 
doesn’t know that I could give much clearer programs 
if you came and made me well again? I’m pretty sick, 
and I’m getting worse, but I can’t seem to make my 
owner understand that I need a good doctor.” 

Both of these cards are designed to catch the attention of the 
set owner through humor, and to make him conscious of the fact 
that his radio receiver may actually need checking over even 
though it is apparently operating satisfactorily. Any trouble it 
may have is likely to develop into a more serious one if neglected. 
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And the final card in the campaign reads: 

"Doc (weakly) it’s a whole year since yon were here, 
and now you'd better bring a vacuum cleaner and your 
entire set of operating tools. I have a high fever and my 
tubes have piuMuiionia or something. Perhaps you bet- 
ter bring me an ainbulanre. I’m very sick. I hope I 
don’t die!” 

You can be sure that with a series of cards like these, QRV 
Radio Service won’t lose many customers. 

A variation on the straight follow-up method is to adopt a 


Your radio, which we hova not sarvicad for tan monthii, again 
voicas its woast 



"Halo. Do« ORV. Do you Mippoau my 
own«r dlo«in*l’ icnow f I codkl gWn fifi^iMStt 
cUar^r firogranni yotf cam* arni ina4a 
ma 'waR agafn? Tm pratly tick, mnd I'm gat* 
ting %i^rta, but I can*t taam to maka my 
owtiar liffdl^afftaadi tliat 
I naacl a goiHl cl<Mxt<cr«** 

THa cfoctor w»R ba vary 
glad to ratpood to tlia 
attaebad ratum card! 

Slnowaly yours, 

D«h 5 QftV 



(Oowrt#iy J^rinittr*§ ink un4 MmM§ 

Fig, 82-29. — A good buflinesa-gotting follow-up whloli onir- 
ri®t out tb© ideii of ''poraonalizingr" the radio i«t by mmm of «»rtoo»». 

policy of regtilar “mspections*” on all Jobs you liiivo ciorio. Th© 
first card iu a series of this kind might read: 


'^Bear Mr, Blank: 

It is a policy of our firm to give all our m 

periodical inspection of radio sets which we haire mr** 
viced. According to our records it i® time for your wA 
to be examined. Will you please not© on the atl»eh^ 
card what day and hour will be most convenient for our 
inspector to call. There i» no ohari^ for 1W« Mndoe.^ 
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32-12. Meeting Specific Objections. — ^After making a cer- 
tain number of calls you will invariably find that the. sales re- 
sistances you meet, or objections offered by the prospect, fall 
into a few definite classifications. If you analyze these carefully,, 
and have good answers already prepared for a dozen or so gen- 
eral objections, you will be able to batter down the most . serious 
obstacles to the sale of your service. 

For example, suppose your prospect says, . the tubes 
light.^’ A very good answer to that is contained in the postcard 
illustrated at the left of Fig. 32-20, which reads: , , 

*‘LIT” — “And ThaUs About All! Just because a tube 
lights is no sign it is operating satisfactorily. It may be 
all but 'out^ on its feet and yet continue to give dfi that 
deceptive glimmer. Don't take chances with w'orii-out 
tubes. Have them tested. We test them FHEE.*' 

Or she may say — “The radio works O.K." You might answer 
that in some such fashion as this: — “It's just the same with a 
radio as it is with your teeth. Everyone knows it's wiser to go 
to a dentist periodically for an examination rather than wait for 
a toothache and the expensive work that may be involved later. 
So with a radio — ^it may seem to be all right, but there may be 
some trouble developing, not apparent to you, which if not 
checked by an examination may lead to an expensive repair job 
or replacement very soon. 

There are many answers to the sales resistance offered by 
cut-price tubes. You can counter by asking: “Do you. care what 
you put into your stomach? Then don't put cheap tubes into a 
good radio if you want it to stay good.'' You can point out that 
cut-price tubes are often factory seconds or thirds. A Mount 
Vernon, N. Y. dealer has a very good method for cutting short 
any objections to the price of standard brand tubes. He takes a 
“second" off his shelf and offers to sell it to the customer for 
twelve cents. In answer to the customer's query as to the low 
price, he explains it is a “second", that it will work, but how 
well or for how long no one knows. If it's cheap mail-order tubes 
you're up against, often a comparison of readings of the plate 
current changes of the mail-order tubes against those of a stand- 
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ard brfuDid will show enough differenoe to oon^moo the eustomar. 

If yon have a fixed charge for an examination and mn into a 
lot of oompetition from frm oxaminationa, yon can it by 

pointing out frankly and fairly what the difference Is betwewj 
the two examinations. The card illustrated in Fig. 32-6 k an 
excellent example of how this may be done in a way that will 
really add to your own prestige. The man who makes a free 
ohock*up can do only a certain amount of work and still ttay 
in bueineas. You generally have a pretty good idea of what that 
is and you can point it out to your prospect, at the same time 
telling him specifically what you do in your examinations and 
tests and how much more comprehensive they are. 

There are of course many more general objections you will 
meet, and many more answers you can make, but by studying 
the problem systematically you will soon find there is some way 
you can overcome practically every sales resistance in your 
path. Make a conscious effort to learn those ways and you will 
never be ^ktumped^' for an answer that will be convincing. 

32-13. Opportunities lor Extra Frofits.~8oineiimei it's 
the ^kxtraa^^ that make the difference between pr&fit and km* in a 
business. There is such a thing as having too many iidelines, 
but a few can always be handled without too much trouble. Be- 
low is a check-list of some that have been utiliied profitably in 
connection with radio servicing: 

(1) A hook-up with a new-set dealer on an exchange basis, as 
mentioned previously. On all your servicing calls you will 
have a good opportunity to secure leads for mw^mt busi- 
ness by recording the age and condition of the net on your 
customers^ file card. 

(2) Auto-radio installations and servicing. Also testing and 
servicing auto batteries. 

(3) Installation of antenna systems for better reception and 
noise reduction. Converters for short-wave acts. 

(4) Additional loud speakers in the home. Remote-control busi- 
ness. 

(5) Remounting the receiver chassis In a new cabinet or in tibe 
wall to improve the decorative scheme of the houae. 

(6) Modernizing old receivers or installing a new chassis. 
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(7) F-A business, not only for commercial purposes, but also 
in the home, as for nurseries, kitchens and maids’ rooms* 

(8) Electrical household appliances — selling, servicing, or both* 
(Refrigerators, washers, ironers, vacuum cleaners, ranges, 
wiring, etc,) When you are making radio service calls or 
set inspections, you have an excellent chance to hnd out 
(through observation or questioning) what electrical equip- 
ment is in the house and what condition it is in. You can 
either make direct use of this information or sell the tips 
to someone in the business. Here is a sales letter used by 
the Radio Service Company of Hammond, La., in soliciting 
refrigerator servicing: 

My dear Mr. — ; 

Do you realize that your refrigerator has been working 
away for you day and night for a longer period of time than 
you would expect of almost any other modern convenience — 
from your radio to your auto? And with warm weather 
definitely upon us an even greater burden will he placed on 
the machine for months to come. Would it not he worth 
while to have your refrigerator checked over NOW — ^for a 
few cents — and prevent a failure when you need it most — 
and which might very well run into considerable money? 

Perhaps you have noticed that, of late, it requires more 
frequent defrosting? Or is noisy? Or runs much more con- 
stantly than it did when first purchased? Has your cream 
soured, by any chance, for the first time since you have had 
the refrigerator? Are your electric light bills unusually 
high? 

All these things are symptomatic of troubles which can 
foe quickly and easily eliminated, without interruption of ser- 
vice, and the savings actually effected in lowered electrical 
consumption will probably more than cover the cost of service. 

Our charges for inspection and adjustment are nominal; 
and where actual repairs are required the cost will be the 
lowest consistent with reliable work by refrigeration experts. 

Yours Sincerely — 

See also the advertising pieces illustrated in Figures 32-tfi 
and 32-17. 

(9) Installation of phonograph pickups, adapters and automatic 
record changers in existing receivers, 

(10) In connection with the above — ^phonograph records, etc, 

(11) Servicing of sound equipment for local motion picture 
theatres. This may be carried out on a contract basis. 
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(12) **Bl©ctric Eya^' mstallatioaa. Ttiera are, of ooiir», irmtuxi.. 
arable oommeroial and industrial applioations of the photo* 
electric cell that call for expert knowledge, but anaong tiie 
simpler installations that many radio service men can 
handle are those for burglar alarms, garage-door opening, 
and advertising novelties in store windows, 

(IS) Marine radio. 

Much of this servicing business can be done on a contract 
basis, which, even if it amounts to only S5. to JIO. a year per job 
will, in volume, serve as a mighty good backlog to «tabill»e your 
business- 

32*14* Business Methods* — -While you need to be a good 
business man in order to run a service businesu succesftftilly, 
plain common sense will tell you most all you need to know 
about the routine of things. It is important to standardise your 
charges and make them fair in order to gain the tmpmi and con- 
fidence of your customers. Of course before you can do that 
properly you must know what your actual costa are — and ihom 
include not only parts and labor, but overhead and selling ecr- 
pense as well. 

It is also important to determine upon a fixed policy fJbat you 
will follow religiously. There is no one policy ^at will apply 
equally well to all service men. You will have to your 

own. Here are two good declarations of policy, even though 
express different points of view. Hobertson's Radio Service, of 
Long Beach, California, print this on their cards: 

Free Inspection. 2. No Labor Charge over |1.00. 3. Work 
and Parts Guaranteed 6 Months. 4. Your Credit Is Oood.*^ 

Mr. Ralph E, Loomis, of Tillamook, Oregon, stat^ his policy 
as follows; 

75-cent service call; sets checked and repairs ^imated free 
if the set is brought to the shop; a chaise of one dollar per hour 
for labor; all parts and tubes at list prio^^; a liberal guarantee; 
repair or meroh'kndise, cash or thirty days. 10 per cent dis- 
count to amateurs and dealers for whom I make repairs. Shop 
hours frcnn 8 o.in, till 6 p.m. Calls made at may time, way place. 
Mileage charged for on special out-of-town calls/* 

You will notice that in both oases a guaranty has plMe In the 
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policy— ajid that is something that all service men should be able 
to adopt. 

32-15. How to Keep Service Hecords. — ^In conducting a 
successful radio service business, a most important consideration 
is that of keeping service records. This is important not only 
from a standpoint of regularity of business (which is self-evident) 
but that of efficiency, as well as establishing a means of com- 



I 


(,(Jourtmtty Davet/a-Vxtjif I£a<Ho Oo,) 

Fia. 82-30. — Facsimile reproduction of the front of the 
Order" sheet which is made out upon the sale of every radio receiver 
by one largo radio ealea-service organization. The rear of this sheet 
is shown in Fig. 82-81* 

puting *'past” and possibly ^^future''" service costs and following up 
customers. There can be no doubt that the continued success 
of a service organization is largely dependent upon the method 
and type of service records it maintains* This statement may be 
illustrated by describing the working structure of an exceptionally 
progressive and successful sales and service organization which 
has developed a system for keeping accurate service records. 
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This department is maintairied by a teacllng rmditi retail com- 
pany which operates a chain of retail «tow«» lJ|»n the sale of 
a radio receiver, a **Henci order** is made out in triplicate and 
diapatohwi to the warehouse. One copy of the **seficl order” It 
kept for warehouse records after the receiver ia ciolivcred. The 
second is left with the customer. The third copy m given tes the 
service departoient. The front and rear of this ”«enfi order” 



no. 

itdle r«*protti*ct!<>n of 
the rear tif th«‘ 

Order" Ulna- 

trated in Fla. 

Motice the Inatallatlon 
data which tiu' service 
man who installs the 
mit Is required te Cll 
in. This providea a 
permanent record of 
the irmtaUatiem, and 
it ia Hied away m that 
it may be referred to 
in the ahop at any 
time in th® falare, 

o#.> 


are shown in Figs, 32-30 an<l 32-31 respectively. Each initalla- 
tion sheet is stamped with a service number, and a folder it pre- 
pared with the same number immediately. Installations mm 
nsually made the day after delivery. This i® done so that the 
customer may have ample opportunity to decide upon a dcinlli 
location for the receiver and to avoid the possible uppoarfuirc of 
the instaUer on the site before actual delivery is made. Of courte, 
in the case of a small radio establishment, the latter Is highly 
improbable, since installation is generally made upon delivery. 

The installer furnishes the customer with the standard guar- 
antee of the company (unless some special guarantee has been 
given) and a service card containing the telephone number of 
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the aervice department, the customer’s service number, and cer- 
tain definite instructions as to the proper manner of securing 
the speediest possible service. The installation sheet or "Ticket’^, 
after being returned to the service department by the installer* 
is then placed into the folder bearing the customer’s service num- 
ber, and filed numerical- 
ly after the date of instal- 
lation has been stamped 
upon the outside of the 
folder. The name and 
adtlrees of the customer, 
as well as the date of pur- 
chase, store purchased 
from, and the mode of 
purciiaHe, whether for cash 
or on account, is also 
noted upon the folder* 

At the same time, an in- 
di'X card is filled out with 
the customer’s name and 
address, etc*, with the ad- 
dress on top, and filed ac- 
cording to the address, so 
that the service number 
of any customer may 
readily be found. 

When service becomes 
necessary, or is desired, 

the customer calls the (CourU^y Dav^ffa-aty Radio Co.) 



given telephone number, Fig. 32-82. — Facsimile reproduction of 

and i« ronaWoA the front of the “Service Report’ form 

ana tne can is receivea service man fills out 

by one of a group oper- for every service job. The rear of this 

ating a telephone switch- is shown in Fig. 82-88. 


board. The service number, name, address, telephone number 


if any, apartment number, type of receiver, date and store of 
purchase, and the complaint of the customer is requested by the 
operator. An appointment is made (usually for the following day) 
for the service man to call, unless a later date is requested. AH 




IS80 


MODERN RADIO SERVICINO 


CH.XXXH 


this information is filled in on a "Service Report” form sheet, a 
sample of which is shown in Fig. 32-32. 

All service requests are checked back against the filed records 
to determine whether the receiver is still within the service guar- 
antee period. The folders are withdrawn from the files and 



placed into a separate 
coinpartim'ut, after the 
(late of servioe (the fol- 
lowing day) has been 
Ktiuiiped u{K>n the outside 
of the folder. All service 
requests for the following, 
day are routed at night 
and assigned to the dif- 
ferent servioe men on the 
service staff, who report 
to the service department 
each morning. At the 
same time, small cards 
bearing the customer's 
name and addrMs, and 
the name of the servioe 
man aimignc<l to make 
this call are placed In a 
file box, so that thm name 
of the sendee man as- 
signed to the job may be 


o..) quickly and readily de- 

FlO* 82 » 88 -----!Rear of tho Bt#- fttrrnlTidbri 

port'» 6hmt shown in m«. 82-82. Th« at w^II m hav*- 

coinj^leta aervio® record It filltd ia on lag ia convenient form*, 
ciils tia® by the servioe maini a l . ^ 

J- o m«n. tjjg addresses- 

of those customers whose receivers are being serviced, without tha 
necessity of handling large orunbersome folders. 


After the "service calls” have been routed, thoee calls as> 
signed to each service man are listed on s^arate Dally Work 
Sheets (see Fig. 32-34} small checks being made regarding the- 
disposition of tie eall (whethear an inataUation, sertdos oaU «w 
delivery) and a duplicate fumitihed to the servioe mtn to 
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the time of arrival and departure, C.O.D.'8 if any, and a conciee 
report of the job may be entered. This duplicate work sheet is 
turned in with the service calls of the preceding day when the 
service man reports each morning. 

Upon arrival at the customer’s home, although the service 
rcqticHt form may contain a specific complaint, the service man 
makes the proper inquiries, (these have been discussed in Chap- 
ter XTIII, Article 18-2), concerning the faulty operation or 
inoperation of the receiver in an effort to correctly diagnose or 
trace the cause for such operation or inoperation. Experience 



. — _» — 




— 


— 





























Vav 0 {ra^Oitif Radio (7o.> 

ElO# 82r34* — ^'Serviceman’s Daily Work Record” sheet on vrMcb 
the dally service calls assigrned to each service man arc listed, for ms 
guidance and for future record. 

has proved that these preliminary questions are of prime im- 
portanoe, and in a great many cases they not only aid in locating 
trouble but cut the actual time required for the service work. 

A complete detailed report of the trouble found, and work 
done, must be made for each service call by the service man. 
Space is provided for this report on the back of the service form 
sheet (as shown in Fig. 32-33), in addition to the customer’s 
definite complaint. In the event that spme replacement com- 
ponent part not at hand, is needed, or additional work is to be 
performed, it is so stated. No promises to return at a definite 
time are made by the service man unless sanctioned by the set- 
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vice departmejat and after it hae first bmn dctenniiied that iht 
required part is in stock* The reasens for this rule are obvien*. 

Where the receiver cannot be conveniently repaired at the 
home of the customer for some reason, the entire clim«sl», tnbei 
4md reproducer, are returned to the service department the fol- 
lowing morning and checked in with the receiving clerk. The 
receiving ticket is attached to the service call, the service man 
turning in a duplicate reetdving ticket in place of hit original 
service call. Here, the ^‘inside’’' service men who are dlrecled by 
a shop foreman, make all necessary repairs upon the receiver, 
A complete detailed report and the time expended must also be 
made for each job by the individual shop men. This rc|Kirt la 
placed upon the receiving ticket for file record purpows and 
upon his own Daily Work Bhoet, When receivers are returned 
or *Vepeat” calls are made with rcqtnr<»<l ximterift!, a card is 
mailed to the customer, stating the date for such return. 

When the service reports are turned in each morning, a 
^‘Checker’* reads each report carefully and makes the proper 
disposition in each case. If the call is completed, it is filed away 
in the customer's folder. Should material be needed, a requiid** 
tion for such material is forwarded to the stock room m that the 
required merchandise may be *^laid out", or placed i» order. 
If the material is at hand, the requisition is then attached to the 
service call, which is re-routed for the date promised. The service 
man obtains the necessary part by presenting the requisition at 
the stock room. 

At the close of the guarantee period, the eustonw^s feddwr 
is removed from the ^^guarantee'*' files and placed In the O.Ofl. 
(Out Of Service) file. Should customers request i^rvlce after tlili 
period, a service charge is made, plus the c«t of material fur* 
nished, A separate department and group of servlee men, who ar# 
called ^*pajcM men", are maintained for all O.OJS* ^rvlee ealts. 
This special department also renders S0rvl<» to owners of radio 
receivers which were not originally purchased from the com- 
pany. The records of completed "pay calls" are suitably filed 
for future reference. 

The advantages derived from accurate, well-kept sendee 
records are manyfold. As an example, let us take the ease of 
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Mr, Smith who wqumted service on a Stromberg Carlson model 
84 receiver wliich had become inoperative. A service call was 
hlied out, checked, and the customer's folder stamped with the 
date of service by the checker. About a week later, the Checker 
found another service request on file. The complaint again was 
'ino|)erative''. From the customer's folder, it was seen that 
Her\ic;e had been rendered a few days previously, by reason of 
the date on the outside of the folder. Since it was possible that 
Home different trouble had arisen, the call was checked through. 
However, a third request for service was made within a few days. 
The Checker examined the two previous service reports and 
ciincHivered that, in both instances, the line fuse had been re- 
placed and nothing more. Acting upon the plausible theory 
that two fuses would not burn out their own accord", and 
that some receiver failure was the cause, the checker made a 
notation on the service call to this effect. The next service man 
who covered the call, having this information to *'work on'% 
found the temporary breakdown of the first filter condenser (a 
1.3 mfd. unit within the second audio transformer block) to be 
the reason for fuse failures. This example is cited solely to show 
the value of maintaining seiwice records in view of furnishing 
more efficient service. Again, by counting the number of calls 
and adding the time spent on each call, a good idea of the cost of 
service may be determined in the least possible time, without 
external references. 

32^16. Conclusion. — Here is a little formula you can use 
with sure success on any problem you meet in your business. 
It has three parts: 1. The Objective] 2. The Resistances; 3. The 
Plan of Action. Your Objective is undoubtedly to make a suc- 
cesw in the radio servicing business. The Resistances in the way 
of attaining this Objective are the variotis obstacles that stand 
in the way of your making sales. The Plan of Action is what 
you formulate to overcome those Resistances and attain your 
Objective. Sounds simple — and it really is, when you attack 
every problem in this systematic way. Try it out and you’ll see 
that it actually works. 

But you can't stop with just a plan of action. Just "thinking" 
about action isn't action after all. Yoti've got to follow the 
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pkft tnio octioiv-and that in^ana activity. In a recent edi- 
tonal in the RCA Radio Service Nem Unere waa a piece of 
excellent advice which is good food for any service man's thought. 
Here it is: 

also serves who only sits and waits — hut tn most cases 
he doesn't serve enough customers to syetui his waiting time 
figuring out how to invest his surplm income. It «r time for 
radio service men to stop sitting and waiting. In justice to our- 
selves and to the public, we must tdl the public what it needs 
— uiAat we have to offer." 

And of course there’s a right way and a wrong way to tell 
and soil the public. null-h<‘nilc<l, uiwcrupultiiw, high-pnwure 
aggressiveness may make a few sales, but it will lose more than 
it makes. If you can succeed in making your prospect.'* like 
you—through sheer friendliness, self-confidence and a spirit of 
giving— then you won’t find much difficulty in turning them into 
steady customers whose satisfaction in you will pyramid your 
business through repeat calls and recommendationa to their 
friends. 

This attitude, plus a desire to make the best of every oppor- 
tunity, to learn new methods, to use the roost up-to-date equip- 
men, ciwi bring about only one result—a balance for you in the 
bank. 

There is just one thing more. Don’t ever lose sight of the 
fact that you are one element in a big industry. Whatever you 
sell and whenever you sell— seM rodio— “the cheapest form of 
entertainment in the world”. And be a credit to your profeoion 1 
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*0 NOT APPLY TO TUBE BASES 6L AND 70. 





APPENDIX B 


OPERATING CHARACTERISTICS & BASE 
CONNECTIONS OF OCTAL-BASED 
ALL-METAL TUBES 


A chart presenting the operating characteristics and other 
important information for all-metal tubes in tabulated form ie 
presented on Page 1276. 


The ‘‘octal" base provided on all-metal tubes has proviaiona 
for eight pins uniformly spaced 46 degrees apart. Where fewer 
than eight pins are required, the unnecessary ones are omitted 
and the spacing oj the remaining pins is unchanged. These tube 
bases fit into a universal 8-hole “octal” socket.* 


The numbering of the pins is in accordance with the RMA 
standard numbering system. In this system, numbers are as- 
signed to each of the eight possible pin positions. Numbering 
starts at the shell pin, which is always the first pin to the Isft of 
the locating lug when the tube base is viewed from the bottom 
(with the lug toward the observer) . The numbering is clook%dse 
on the basis of possible pin positions (see octal tube base illus- 
tration on Page 1276), Thus, the numbers of the pine used in a 
l|tioular $-pin octal tube base might be; No. 1 (shell), 2, 3, 6, 
'!:S(nOrmal cathode) . 

; A few manufacturers have placed sets oa the nmriiet 
1986-86 season with octal sockets la which the aneuecessary 
JSnJC'blshksd out”— -in other words,, not plereedi. Bhtee t3»» 
p) «r»et the “universal” fMtores of the octet base, 
rk short4ived. 

SE. 1*74 





An 8-pin “Octal^^ tube 
base {viewed from the 
bottom) showing the eight 
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■ The following table shows the pin positions,^ pin numbers, 
and terminal arrangements for each of the octal-base all-metal 
tubes. ' ' ■ 


1 Tub0 

JiJkfA 


PIN 

POSITIONJS 

AND NDMUKHS 

Top 

Cap 

Tvpe 

No. 

Boss 

C^nn, 

X 

*' 

S 

^ I 

s 

0 : 

7 

f 

5Z4 

Bh 

'^S 

H 


Po 


P, 

„ , 

Katji 


6A8 

BA 

B 

H 

P 

G,&Oo 

Gi 

Ga 

H 

K 


6C$ 

6Q 

B 

H 

P 


G 


H 

K 


em 

6Q 

S 

H 

P 


Gi 


H 

K 


em 

5— 

S i 

H 1 


P 



H 

K 

oi 

6F6 

78 

s 

H 

P 

Gs 

G, 


H 

icaia* 


6H6 

7Q 

s 

H 

Pa 

K, 

P. 


H 

K* ' 


6^*7 

7R 

s 

H 

P 

Ga 

G. 


H 

IC 

o, 

0K7 

7R 

8 

H 

P 

Ga 

G, 


H 

K 

G, 

eL7 

7T 

S 

H 

P 



... :,.J 

H 


0, 


The following chart shows the various internal element®, and 
their connections to the terminal pins, for each of the all-metal 
tubes listed above. These terminal-oonnectlon views are shown 
as they appear when the tube base is viewed from the baiiam, 
(with the lug toward the observer) . 
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Acceptor circuit, 626 
Accuracy, meter, 56-67 
A-C instruments, 86-65 

meter rectifier for, 41, 46-48 
movable-iron type, 36-39 
rectifier type, 40-65 
A-C, effective value of, 43-44 
maximum value of, 4344 
peak value of, 48-44 
Acoustical labyrinth, 1200- 1. 997 
Adapters, tube, 190-201 . " 

for neutralizing ’ 

700 

for output meters^ ^*7^ 
for set analyzersif^^T; " 
for testing tubes 
voltage fllame4 
how to make, Y 
Addressing, 1221 
Adjacent chaniy interference, 
1176-1177/ 

Advertising, 

1248 / ^ , 

bu8ine8y»«Ply 
122 ^ 

deUvfS' truck, 1244-1246 
airJ-mail, 1220-1241 
dm^Tf 1216-1220, 1241- 

/l248 

^follow-ups, 1249 
for auto-radio business, 
1248-1249 


fundamentals, 1214-1216 
lantern-slides fox, 1244 
letter heads for, 1246 
-logs’^ for, 1247-12^q^ir,. 
meeting 

in, 126^jj^|j^g over, 480- 
misceUat/ 

„l*mrcuit, switching systems 
for, 1129 

directional characteristics of, 
1160-1166 


double-doublet, 1120-1121, 
1139-1149 

doublet, 1131-1182, 1138 
doublet, length of, 1120-1121 
for all-wave receivers, 1018- 
1020 


for auto-radio, 892-920 
double-dbwof interference by, 
1139-1149 

double-doublet, ^36 
properties of, Vila) 
double-doublet, ..eaker, recen- 
1120-1121 

doublet, 1181-1182, 1. 
doublet, diiectiouBl p 
ties of, 11B8 "*44 

doublet, length of, 1120- 
for metal-top cars, 916-92v-„,g^ 
imped, matching of, 1122-1128 
installing in fabric car-top, 
907-908 

installing to foldliae car-top, 
912r916 
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INDEX 


Atrial |c0nt*d| 

iMtalliiig III m«taI4ww top, 

toa 

Iniiallini: In mttml-bmctd 

t0p» 009 

initallisig in jioultry-wiro 

tops, 906^007 

Initalllng In slat-tjrp® car- 

tops, S08-0O6 

inverted »L, dlrtctionml prop- 
trtits, 1151; knrth of, 
1120-1121 
rth of, 1120-1122 
6 H 6 directs onnl, 1 X 81 

6 J 7 !^^ldly|ittrftrtiice by, 

6 K 7 7 R 
6 L 7 I 7 T I 

The following chart 
their connections to the termini 
tubes listed above. These termma] 


prwtdurt for l-f amplify of 
all-waft reotdvtrii, 728 
prcjcedwrt fc»r o*cSllator mud 
r4 circuit®, 127-730 
procedure for ptmkwl S-f *m- 
pliflers, 118*721 
procedure for roc«iv«r« hmv- 
ing mvc, 730-732 
procedure for i-r-f r*‘ct>ivf»r«, 
890.695 

prov isSonm for, 0S4-681 
receivers having mve, 180-712 
soQUcnce for nuperhets, 715 
MupiThcicrodynrjt, 702-741, 
110-784 

test omeillmlor for, 838, 688, 
( ioi Test Oscillmtori) 
tools tp/, 789 

ui# ^iTtunSuf wmnd for ch#ck- 
ig, 605 

ith cmthcKle-ray oscilloiictope, 


as they appear when the tube base 
(with the lug toward the observer) 



5Z4, troubles in, 870- 
•peakers, 

(S^ rea, 800-801 

/f^^P^-wave receivers, 128, 097- 

1001 

iieceaaity for, 682 
output indicator for, 689 
preliminary consideimtions 


ig X 780.74 1. 762-172, 770-784 
vhf»so l-f is unknown, 782, 
^p »3 

t eifeW of mSialiir«in«nt, 604 

A use o tunluf wand im 

605 

( see a^ ^ 4 1 „ j*,* ^ ) 

All-metal 1274.1276 

All-waf# oec^ors, 898-423 
All-wave 

alignluf frtgtikiieiei and pro- 
cedure, 9t7-b9S 
alSirnint l-f mnphuttt of, 7» 
antennas for, 1011^10^ 
ant. switcbltt# w^tm for, 
1129-1181 

audio ampllf. for, imtiigl 
avc tystemt for, 


for, 881 

procedure for flat-topped or 
band-pass l-f amplifiers, 
721 


bafifles for, 1193-1194, lli|- 
1201 

beat-note filter for, lltt-llPO 
coll shields In, lOlS-lOll 
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All- wave receivers (cont^d) 
coil-switching systems for, 
1004-1018 

dead-spots in, 1008, 1014 
determining i-f in, 1003 
dials for, 1016-1017 
donble-doublet for, 1139-1149 
i-f amplifiers in, 989-990 
i-f response, variable, for, 
1177-1182 

image response in, 1001 
installation of, 1201 
iron-core i-f coils for, 1182 
linear detector for, 1183-1188 
line-up frequencies, 997-1003 
line-up procedure, 997-1003 
loud speakers for, 1192-1201 
mixer stage in, 991-994 
noise in, 1017-1018 
oscill, ‘^padding” ck’ta. in, 996 
oscillator stage in, 994-995 
“padding” circuit in, 995-997 
resist, analysis of, 539-545 
RMA designations, 986-987 
second detector for, 1188-1188 
square-law detector for, 1183- 
1188 

tone-control for, 1190-1192 
tuning bands in, 1015-1016 
tuning dials for, 1016-1017 
variable i-f amplifier for, 
1177-1182 

Amplified avc, 465-469 

Amplifier action of vac. tube, 337 

Amplifiers, (see Audio Ampli- 
fier 

Amplitude stability of oscilla- 
tors, 368-369 

Analysis, point-to-point (see 
Foint-to-^Point Set An- 
alysis) 

voltage-current methods, 284- 
289, 492-526 


Analyzer, commercial set, 309- 
330 

current meas. with, 289 
how to construct, 293-806 
point-to-point, (see Point-to- 
point Analysis} 
resistance (dual-plug), 286 
resistance-voltage, 288 
selective, 323 
socket selector units, 323 
voltage, 291 

voltage-current, (see Volt- 
(tge-Current Set Analyzer) 

Antenna, auto-radio, require- 
ments, 894-896 
circuit, checking over, 430- 
436 

circuit, switching systems 
for, 1129 

directional characteristics of, 
1160-1166 

double-doublet, 1120-1121, 
1139-1149 

doublet, 1131-1182, 1138 
doublet, length of, 1120-1121 
for all-wave receivers, 1018- 
1020 

for auto-radio, 892-920 
pickup of interference by, 
1102-1108 
troubles, 430-436 
(see also, Aerials) 

Armature, loud speaker, recen- 
tering, 819-821 
sticking, 821 

Astatic crystal pickup, 844 
connection of, 860, 861 

Atmospheric static interference, 
1040-1043 

Attenuators, constant-imped- 
ance type, 373 

for test oscillators, 372-374, 
401, 404, 412, 422 
ladder type, 401 
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Audio 

data® A amplifl€«tion, 657 
Clmas AB ampliftcation, 664 
Clast A-Priro« tmplif., 664 
Clast B ampliflicstlon, 668- 
668, 665 

Clast C amplift’cation, 664 
clatata of, 667 
diract- coupled, 653-667 
distortion, localizinpr, 774- 
776 

ddolitF, tost of, 778 
for hlirli-fldelity roceivors, 
1188-1190 

obscura troublos la, 646-668 
toiaa control in, 1190-1192 

Audio cliolcos, ropair of, 799 
nm also (Coii«, Iroivoors) 

Audio fidelity,' 

test of In a-£ ampUflar, 775 
tent of in a receiver, 778 

Audio traaeforitiert, 674-678 
repair of, 799 
sea alio (C 0 U 9 , 4ro-twiofe) 

Automatic record changers, 849- 
850 

Automatic vol, control, 441-490 
action of, 444-459 
alignings superheterodyne re- 
ceivers having, 780-782 
amplified, 466-469 
condensers in, 450 
delayed, 456-469 
in anto-radio receivers, 881- 
882 

in all-wave receivers {use 
of), 9»0 

purpose of, 441-444 
quiets 469-479 
systems, various, 444-459 
troubles in, 459-465 
with comhination diode-type 
tubes, 452 


AutomoWlIe, engine, operation cf, 

922-926 

ignition syateins, operation 
of, 926-082 

top com true tion, types 
896-898 

Auto-radio, antennas ( built-in), 
892-898 

antennas, requirements of, 
S94-S96 

antennaa, types and Inatalla- 
tion of, 892-920 
connecting to car-battery, 
890-892 

elect, features of, 880-888 
flexible ahiift* 888-889 
generator type power supply 
units, 979-981 

installation problems, 870- 
871 

Interferenee, C external), 921- 
9E2 

interference from ear elec- 
trical system, 9B9-940 
tuterferenee from genera tor, 
940-945 

interferenee from igni'tibti 
oircults, 945-959 
toterference In, 929-9*1 
iuterfMreoee, stubborn, 958- 
91^, 954-971 

luterfegeiMe, timciisig to 
sourer 

plate-power supply for# §71- 

9S1 

receiver, locmtAon In ear, 

SS5 

reeidver, umuntlair la Idia 
es^i ^Mb8i7 

recdivwp laroublai, 971-191* 
irimelv«r-wirlug m ebasMii 
teodfsnwuM pidkup sttndhui- 
ttem, ^b954 
rasidveirsi, dM^mbla 
fimtaM, m$^ 
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Auto-radio ( Cont’d ) 

receivers, mechanical require- 
ments, 875 

service work equipment for, 
872-875 

service work, qualification 
for, 872 

servicing, selling, 1248-1249 
test bench, 874 
test cage, 878 

tire static, interference, 970 
tuning control arrangements, 
877-880 

tuning control, mounting of, 
887-890 

vibrator-type power-supply 
units, 979-981 

vibrator units, servicing, 976- 
979 

(see also, Aeridl) 

A VC action, check of, 336 

(see also, Automatic Volume 
Control) 

Average'' value of a-c, 48 
B — 

Baffles, high-frequency speaker, 
1198-1194 

low-freq. speaker, 1198-1201 
Balanced armature speaker, (see 
Loud Speaker) 

Balanced transmission line, 1118 
Band-pass i-f amp., aligning, 
721, 789-741, 779-784 
for high-fidelity receivers, 
1177-1182 

Bands, tuning, 1016 
Battery, car, 982-983 

charger interference, 1089 
Bias cell, testing, 698 
Bias, grid, circuits for BOO-507 
**Binlies'^ 680 

Bleeder screen circuits, 612-616 
Blotters, use of in adv't,, 1221 
Bending braid, 967 
B-power supply units, vibrator 
typSf 978-979 
generator type, 979-981 


Braun, Prof. F., 741 
Breakdown, of volt-ohm-milliam- 
meter circuits, 102-106 
of yolt-ohmmeter circuit, 110 
Breaker points, 926-926 
Bridge circuit for oscillation sup- 
pression, 696 

Bridge, commercial, 70-71 
slide wire, 69-70 
Wheatstone, 66-69 
Broadcast hand receiver, defini- 
tion, 987 

Browning & Hoskins, 904 
Burton-Webber No. 10 Test Os- 
cillator, 399 
Business cards, 1246 
Business, reply cards, use of, 
1223 

extra, household appliances, 
1265 

methods, 1256, 1257 
Buaszer interference, 1087 
By-pass condensers, (see Con- 
denaerSf JSlectroVytio) 

(see also, Condenaere, Solids- 
Dieleetrioy 

— C — 

Cabinets, receiver, refiniahing, 
860-862 

Calibrating a test oscilL, 884-896 
C-bias, cells, testing, 598 
circuits, 600-507 

Canvassing for sales, 1208-1209 
Capacity, meas. of, 120-126 
of solid-dielectric cond., 591 
ratio, 1006 
reactance, 126 

with cathode-ray oscHl., 778 
Capacity meter (tester), how to 
construct, 127-181 
Capacity meters, 121, 122, 125 
calibrating, 127 
commercial, 181-188, 820 
constructing, 128-181 
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Capacity 121-121^ 

commawtali IS1-1S5 
Car contfcruct* of» 806-808 

Cariy«rti«#r, 1236 
Cathode-ray^ *743 
Cathoda«ray oscilloscopa^ 

aliipinLing r-f, i-f and oaciO* 
stages with, 77X, 770-784 
at bnatnsis gattar, 1220 
audio fidelity tost with, 773, 
776 

capacity meas* with, 773 
connecting to receiver for 
aligning, 766 
current meas. with, 772 
inductance meaa. with, 773 
interpreting resonance curves 
seen in, 767-771 
intermittent receiver oper- 
ation, testing for, 776 
localizing audio distortion 
with, 774-775 

need for in superhot. align- 
nnmt, 7B0-741 

precautions to observe when 
using, T76 
sensitivity of, 761 
uses for, 772-776 
voltage meas* with, 772 
<see also, Cathode-ray tuh&j 
Cathode-ray tube, 741-768 
action of, 747-768 
deflecting plates, action of, 
747-768 

electron gun of, 744 
fluorescent screen of, 746-747 
focusing electrodes of, 744 
interpreting resonance curves 
seen in, 767-771 
Lissajous* figures of, 762-784 
precaution to observe when 
using, 776 ‘ 
eensltivity of, 761 
structure of, 742-747 
sweep circuit ampllf* for, 761 


**iw««p** voltage for, 763-762, 
780. 786-787 

**«w««p** voltage, synchroni- 
ser for. 781 

^•timing*" voltage for, 763*762 
(nm also, Caf^ ode-ray 0*a4t» 
hmQp§) 

rath(Klc-ray tun'g Indicator, 400 

<"harg»iig rut#' of car generator, 
9S6-937 

Checker, tube, see Tuh4 Chadfear 
Chokies, C»t® Fdler Ck^kmg) 
Circuit breakdown, 

voU-ohm-milliarn», 102-106 
volt-ohmm#t«r, 110 
Clrcuita, oscillator, 846-866 
Class A ampliflcatlon, 667 
Class AB amplifleatlon, 664 
Oass A- Prime ampllflcatlon, 664 
Class B amplify, 65S-66S-6M 
Class C ampllflcailoib 668-664 
aough-Brengia Model OC laidPI- 
lator, 402 

Code Interference. 626-628 
Colt, magneidc fleld around, 8 
Colls, air core, repair of, 7t7-7Wi 
air core, trouble In, 170-578, 
6S0-im 

cause of dmid-spots, 1014 
change In the Induct, of, 6S8 
!-f, 717, 700, list 
i-f. Iron-core. 1182 
i-f, repair of, 70i 
iron-core, I-f, llM 
iron-core, ttoubl^ In, 678- 
678, 582-688, 700 
leakage in coil-forra, 678, 68S, 
606, 700 

moisture In, 673, 688, #0i, 
607. 700 

shields for, 1018-1014 
switches for, 1011-1018 
switching sj^tems for, 1W4- 
1018 

testing, 678-588 
Colpitts oscillator, 851 
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Combination-tubes, failure of, 
644 

in avc circuits, 462 
structure, 167 
tests, 188 

Combining resistors, 633 
Commercial, a-c — d-c instru- 
ments, 61-64 

capacity meters (testers), 
131-138 

obmmeters, 100-119 
oscilloscopes, 776-789 
output meters, 142-146, 164 
set analyzers, 309-330 
set testers, 291, 807-330 
test oscillators, 398-423 
tube checkers, 218-231 
Components, receiver, instru- 
ments folf testing, 668 
need for testing, 651-662 
repair of, (see Repair Of) 
repair, when justified, 798 
tests for, 662, 669-697 
teats of with test oscill, 885 
Compound, removing impregna- 
ting, 800-801 

Condenser, (electrolytic) efiect 
on receiver analysis, 647 
repair of, 806-807 
leakage, (see Cortdeneers) 
loud speaker, repair, 848-844 
Condensers (electrolytic type) 
breakdown, causes of, 696-697 
^ checking with ohmmeter, 698 
construction of, 692-698 
leakage of, 126 
leakage tests, 694-696 
repair, 807 
types of, 688 

(see also Condeneer tests) 

Condensers (solld-dielectrlc 
type), breakdown, 686 
capacity check of, 691 
charging current of, 687 


earphone tests for, 688-689 
emergency tests for, 588 
grounds in, 692, 597 
leakage in, 126, 688 
neon lamp test for, 590 
ohmmeter tests for, 687-B90 
puncture of, 686 
repair, 806 

testing, 586-692 (see also. 
Capacity measurement. 
Capacity meters, Condenr- 
ser tests) 

troubles in, 684-586 
Condensers (variable), repair- 
ing, 808-810 
‘"shorts” in, 808-810 
testing, 697 
Condenser tests, 120 

electrolytic, tester, 129 
high-resistance, 126 
leakage, 125 
testers, 121-125 
(see also, Condensers) 
Conductor, magm^etic field 
around, 6-7 

Cones, loud speaker, repairing, 
822-828, 834-836, 841 
Confidence, Model C tube check- 
er, 218 

“Special” tube seller, 216 
Constant-current modulation, 
864 

Constant-imped, attenuator, 878 
Constructing, 

battery-operated test oscilla- 
tor, 377-382, 386-896 
capac. meter (tester), 127-181 
lime-operated test oscillatoxr 
382-884, 886-396 
ohmmeters, 86-98 
output meteirs, 160-164, 167- 
160 

set analyzer, 298-806 
test oscill., 877-384, 886-896 
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Coniitrwctiiig', (Con'd) 
tiib« €h«^rit«r# 202*212 
0Blvt*r«»l rnttWt 8i-*8S 
v-t roltmmtmt 1.8*I»160 
Cc»tmct% mmmd by, 

^m^ng for, <»## 

CS^Mitfolti tono (soo T&ns Con- 
trol#) 

volume («ee Volums Con- 
troi#) 

€opi»er-CNclde rectifier, <#ee 
M®t 0 r Bmtiflsr) 
Copi^er-oacide recldfier type to- 
strumeatfi, {urn A^C ^ 
etmmemt#) 

CorroeioKi of trenaformer wlmd- 
itigUf 675 

Counts ailing, 1205-1207 
Creft, merine, <»e« Mmrins 
Craft) 

Cryatal, pbomo pickup, 844, 860, 
851 

i^e loud apeeker, 1187 
Current memauremant wltb, mat- 
era* 14 

Cathode-ray Oacilloaeope, 
772 

Cttatomer follow-upa, 1249 
Cut-out on car generator, 984- 
936 

Data, receiver, sonrcea of* 493 
when not available, 546 
Dead apota in oacill*, 880-881 
in all-wave reoeivexa, 100$, 
1014 

Dealer demonatratlon anteoamm 
aystein, 1148-1140 
De-conpling filters* 614 
D^ectlng vanes for spkra* 1198 
Degeneratton, 009 
Delayed are, (see Amti^maUo 
Yolwms Cen#rol|' 


Delivery truck advertising* 1244- 
1246 

Demonatratlon antenna ayatein* 
1148-1149 

'‘Dependable’** <«•« Badio €^*%) 
Detector, effect of on noise, 1180- 
1188 

for high-fidelity, 1134-1188 
linear, 1134-1183 
square law, 1184-1188 
Diagram* receiver, not available, 
540 

Dial-light roionanee Indkator, 
485 

Dial# for all-wave receivers, 
1010-1017 

Diathermy apparatus* elemen- 
tary interferenee caused 
by, 1092-1094 
Diode tube structure, 100 
Direct-coupled ampllf, tube, 605 
Dfrect-eoupled a-f amplifiers, 
053-067 

liHrect mat! selling, 1220-1141 
Directional charaoteristlcs of 
aerials* 1150-1155 
Display advertising, 1210*1220^ 
1241-1143 

DktortloKi* oaus^ of, 043-645, 
074 

locidiaing In a-l amplH. 775 
locallalng (md^) in a re- 
eeiver, 774 

test lor, in a-f amplifier* 775 
DIstailmter, 925-1^0, m 

auppr^ior iMiitor, i5S-tM 
Door hefia* eliminating inhmfer- 
mice caused by, tW! 
DouMe-douMet aerla3« dashw 
dmonstratikm 11^ 

11^ 

dimMamd ^barmei^i^sfite* 

1154 
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for all-wave reception, 1139* 
1149 

lenfirth of, 1120-1121 
Doublet aerial, 1131-1132 
directional characteristics, 
1168 

length of, 1120-1121 
with twisted-pair lead-in, 
1188 

Double-spot reception, 619-626 
elimination of, 621-626 
suppression circuits for, 734- 
789 

Driver tube, 660 
Dual-wave receiver, def. of., 987 
Dummy tube for neutralizing, 
699 

Duo-diode triode, 168 
Duplex-diode pentode, 168 
Dynamic mutual conductance 
test, 200 

Dynamic loud speakers (see 
Loud speaker) 

Dynamic spk'r, held troubles, 674 
(see also. Loud speaker) 

"‘‘Bflfective” value of a-c, 48-44 
Blectric refrigerator, interfer- 
ence caused by, 1089-1091 
Bleetrode arrangements of 
tubes, 165-168 

Electrolytic condenser testers, 
129-181 

comm-*Tcial, 181-188 
Electrolytic condensers, effect 
on resistance analysis, 647 
(see Condensers, electrolytic) 
Electromagnets, 8 
Electron-coupled oscillator, 870- 
872, 402, 417-421 
Electron-coupling, 871 
Electron gun, 744 
Electron lens, 745 


Electron modulators, 864-366 
Electro-medical apparatus, elim- 
inating interference 
caused by, 1091-1094 
Electrostatic shield, 1101, 1128 
Emergency tests, for resistors, 
564 

for solid-dielectric conden- 
sers, 588 

Emission tests for tubes, 169-172 
effect of gas on, 172 
English-reading, 179 
English-reading tube testers, 
179, 214-216, 224, 229 
Equivalent tubes for tests, 231 
(chart) 

Extra business, household appli- 
ances, 1255 

Extra profits, opportunities for, 
1264 

— r — 

Fading in receivers, 638-641 
Fan switch, lOlO 
Feedback, reversed, 847 
tickler, 846 

Fidelity, test of, 773, 776 
Field supply, speaker, 826-838 
Filter chokes, air gap in, 800 
repair of, 799-802 
speaker field as, 828-829 
troubles in, 674 

Filter circuits in power supply 
units, 620-623 

analyzing troubles in, 528- 
625 

choke-input type, 621 
condenser-input type, 621 
Filter condensers, 

(see Condensers, electrolytic) 
(see Condensers, solid-di- 
electric) 

Filter, loud speaker, 672-673, 
1196-1197 

Filters, decoupling, 614 
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iiit^rf«r«ic€, at r«e«ivar, 

lota-iiot 

b€it lotation for, 

affoot of **inoisy ground” on, 
108E-108S 

for idiminatlng Interforonco 
at tha aourca, 1077-X081 
loud ftpeaker, 1196-1187 
10 kc boat note, 1188-1190 
Firing order of automobile en- 
gine, 926, 928 
Fixed roalstors, 654-656 
repair of, 794-796 
“Flashograph% 489 
Flat-top i-f amplifler, aligning:, 
721, 7S9-741, 779-784 
Flnoreecant screen, 746-747 
Folders, use of in adveri^ising, 
1221 

Fcdlow-wps, customer, 1249 
Forma, for installation records, 
1258 

for service records, 1259- 
1268 

Franklin Model H-88 tube 
obeoker, 219 

Free aerrice, discussion of, 1224- 
1226 

Fre<|ueiicy bands, 988 
Fref|tteiicy-”mcdulator*^ (ssie 
Frequency wobbler) 
Frequency ratio, 1005 
Frequency range for Hgb-fdel- 
ity, 1166-1168 

Frequency stability of oscOla- 
tors, 868 

Frequency-^wobbler” for test 
oscillator, 762, 780-782 
Fundamental frequency, 866, 857 


6aiii measurement, 884 
Cap, air, 800-801 
cleaning, 821, 842 


Gas test for tubes, 172-178 

Generator (car), action, 988-985 
automatic voltage regulation, 
937-980 

bruiboi, cleaning and fitting, 
048 

brushes, sparking at, 942, 044 
by-pass condenser, 944-946 
charging rate, 936-987 
cleaning commutator of, 042- 
948 

commutator, turning doira, 
942 

commutator, undercutting 
mica, 042-048 
cut-out on, 984 
interference, caused by, 040- 
942 

interference, eliminating, 
042-945 

Generator type auto- radio pow- 
er supply uniti, 079-081 

Grid, moduatlon, 861 
supp n*ttsor, 511 

Grid bias, cells, testing, 598 
circuits for atcuring, 5CN>-7 
readings, interpreting, 507- 
510 

Grid-shift, method of siilftliig, 
grid bias, 177-170 
tests for vacuum tubes, ITS- 
177, 170 

Ground, cheeking over, 4S 1-484 
hlgh-r«ilftbaiwe, 481 
in coila, 5m im wm 
in eoxideiymni, HtS, St? 

In r^istoxvp $m 
intetferemee picirop by, 1164- 
1106 

Ground, nolay, IWi-ltit 
— H — 

Half-wave antemum, ilSI 

Hand-capadity effecbi in MwHa- 
tor, mt 
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Harmonics, S55-860 
amplitude of, 359-S60 
cliaracteristics of, 887-389 
computation of, 867 
eTen, 368 

frequencies, 366-369 
how generated, 366 
odd, 858 

vs. fundamentals, use of, 396, 
399 

Hartley oscillator, 360, 377, 400 

Headlining, in auto top, 901 

Heising modulation, 864, 399 

Heterodyning, interference, 
1043-1044 

High-fidelity receiver, frequency 
range required, 1166-1168 
i-f amplifier of, 1176-1183 
monkey chatter in, 1176 
noise level in, 1170-1171 
oscillator in, 1172-1176 
KMA definition, 1167 
station interference problem 
in, 1176-1182 

tuned R-E circuits of, 1171- 
1172 

volume* range required for, 
1168-1170 

High-Imped, phono pickup, 866 

High-resistance, condenser, 126 
voltmeters, 24-28 
terminal of car battery, 

892 

Household appliances, extra 
business, 1255 
servicing, 1236-1237 

House-to-house canvassing, 1208- 
1209 

Hum, bucking coil for in loud 
speaker, 830, 881 
-bucking condenser, 666 
-bucking potentiometer, 666 
caused by phono, motor, 849 


due to loose laminations, 574, 
678 

elimination in loud speakers, 
830-833 

in loud speakers, 829 
in phono pickup, 849 
modulation, causes of, 628- 
630 

shading-ring for preventing, 
831 

steady, causes of, 630-636 
steady, tracing sources of, 
635-638 

tunable, causes of, 628-630 

Ignition systems, automobile, 
operation of, 926-932 
Image frequency, definition of, 

619 

Image-frequency, definit. of, 619 
causing double-spot reception, 

620 

distinguishing from **oscilla- 
tion”, 624 

eliminating, 623-626 
elimin. by band-pass and re- 
jector circuits, 621-628 
in all-wave receivers, 1001- 
1003 

suppression circuit for, 784- 
739 

Impedance-matching transf., 857 
connecting between lead-in 
and receiver, 1126-1129 
construction of, 1124-1126 
for aerials, 1122-1129 
Impedance-ratio, 867 
Impedance-coupled audio-fre- 
quency amplifiers, obscure 
troubles in, 662 

Impregnating compound, remov- 
ing, 800-801 
Indicator, resistor, 569 
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tmnluiri imm Tmmki^0 
lndlfAtors) 

memwtirsm^nt witli 
cathode-ray oacillo*^ 778 

Inutallatioa records, forma for» 

nm 

'kmvinup tzm 

Ittsulatioii breakdown, 576-677 
in chokes and transformer*, 
805 

lataraetion, magnetic, 8-1.0 

Xatercltaiiiiel nolae, 470 
suppression of, 471-478 

laterference, adjacent-channel, 
1176-1177 

atmospheric-static type, 1040- 
1048 

auto-radlo, persistent, 068- 
959, 964-971 

aiito-radio, atnbbonv 958-969 
auto-radio, tracing to source, 
959-968 

battery charger, idimlnating, 
1089 

busser, eilminaldng, 1087 
cmused by csur generator, 940- 
94E 

caused by car igniUon di^ 
cuiti, 945-959 

caused by d-c motor, 1060- 
1052 

caused by sparking, 1061 
caused by iribrmtors, 1054 
classillcatioB of by method 
of pickup by receiver, 1069- 
1070 

code, 625-628 
conducted, 1068, 1069 
contacts, caused by, 1086- 
1086 

devices used in various im- 
1 tablisbments, 1065-1069 
diathermy machine dindna- 
tlng, 1092-1094 


directly -radiate, 1069 
door-bell, eliminating, 1087 
elfect of noisy grouiKl on, 
1082-1083 

efTect of riwelver improve- 
ment on, 1037-1089 
electric refrigerstor, elimin- 
ating, 1089-1091 
electro-medical apparatus, 
eliminating, 1091-1094 
niters at receiver, 1099-Hi» 
dlters, best location for, 1081- 
1082 

dltsrs for eliminating at the 
source, 1077-1081 
from power line, suppressing, 
1099-1101 

general types of, 1040 
hunter (receiver), 1076 
identlfyiiig device by char- 
acter of note# produced, 
1062-1066 

image, (see litiage Interfer^ 

In bigb-idellty receivers, 
1175-1182 

In marine-radio InstallatlonSt 
1082 

in reoelvers, 1086-1086 
Interstatfon, 1048-1044 
line niters, 101^-1 lOt 
locator, 1166-lli8 
locator (recdvmr), 1076 
man-made, 1048-1054 
iiil.nlmisil»g at nmdvw eoplii* 
meat, 1097-1099 
motor, dintinaMitg, 1088-1086 
^natural^ ata^ type, tem- 
1048 

neon sign, ellmtnaMng, l^MU 

tmt 

00 bunwr, dlmlnathiitt 1M7- 

10^ 

originaObcg tn iOm 
1044-1048 
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Interference ( Cont’d ) 

path to receiver, determina- 
tion of, 1066-1060 
pickup by the aerial, 1106- 
1107 

pickup by antenna, 1102-1108 
pickup by the ground, 1104- 
1106 

pickup by lead-in, 1107-1108 
power line, 1064-1066 
radiated, 1053 
ratio to signal, 1065-1066 
reduction by paralled feeder 
lead-in, 1182-1134 
reduction by shielded lead-in, 
1108-1116 

reduc. by transp’sM lead-in, 
(see Trcunapoaed Lead-in) 
reduction by twisted-pair 
lead-in (see Twistedpair 
Lead-in) 

re-radiated, 1058, 1069 
shielding, source of, 1086 
sign-flasher, eliminating, 
1094-1096 

shielding the source of, 1086 
suppression at source vs. at 
receiver, 1060-1062 
surveys, 1281 

testing for noise-free zone, 
1166-1168 

thermostat, 1086-1086 
through power line, 1068 
tire static, 970 
tracing path b^ which it 
reaches receiver, 1066-1060 
tracking down source of, 
1070-1077 
tunable, 1062 

violet-ray, eliminating, 1091- 
1092 

X-ray, eliminating, 1091 


Interference in auto-radio re- 
ceivers, 920-922, 989-940 
Intermediate frequency, ampli- 
fier, 704-705, 716-718 
amplifier, aligrning procedure 
for, 718-723 

amplifier, aligning procedure 
for, (all-wave), 723 
amplifier aligfning with cath- 
ode-ray oscilloscope, 739- 
741, 762-772, 779-784 
amplifier, effects of misalign- 
ment in, 708-711 
amplifier, in all-wave receiv- 
ers, 989-990 

determining, 732-734, 1008 
amplifier in high-fidelity re- 
ceivers, 1176-1188 
amplifier, iron-core coils for, 
1182 

amplifier, variable, for high- 
fidelity, 1177-1182 
transformers, (see CoUb} 
Intermittent reception, 641-648 
tests for with cathode-ray os- 
cilloscope, 775 

Internal combustion engine, op- 
eration of, 922-926 
Interpreting voltage-current set 
analyzer readings, 499-526 
Interstage coupling, 612-617 
Inverted-L antenna, 1161 
Iron-core i-f coils, 1182 

Jackson, Model 440 oscillator, 
405-409 

— K — 

Kennelly-Heaviside layer, 1116- 
1117 

Kilocycle, definition, 987 
-L-*- 
Lag-loop, 487 
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looi#, §*74, 678 

Lmutem ilM® iidv«rtifii»ir» 1^44 
Irf#3ftd4ii, mimmUng to 
1126-1129 

in n car, 90S-906 
Interference pickup by, 1107- 
1108 

matebin^r Impedance of, 1122- 
1129 

parallel feeder, 1132-1184 
shielded, for auto radio, 902 
shielded, for interference re- 
duction, 1108-1116 
transposed wire, (see Traaa- 
poaad lead-in) 

twisted-pair, (see Tioiated- 
pair lead-in) 

Leakage, coil-form, 578, 68B, 606, 
799 

Leakage, condenser, 126 
of electrolytic cond*, 694 
of solid-dielectric cond., 691 
tubes, in, 180-182 
Length of aerials, 1120-1122 
Letterheads, business, 1246 
Line filters, 1099-1102 
LIssaJous' figures, 762-768 
Logs, station, for advertising, 
1224, 1247-1248 
Loop, antenna, 1076-1076, 1161 
magnetic field around, 7 
Loud speaker, acoustical labyr- 
inth for, 1200 
air gap, cleaning, 841, 842 
armature, recentering, 819 
armature, sticking, 821 
bafiles, for, 1193-1194, 1198- 
1201 

balanced armature, repair of, 
818-828 

balanced armature, test of, 
816-817 
burr in, 685 
cable, testing of, 824 
cones, repairing# 822-^BS 
cone tronblos, 834-6, 841-2 


condenser type, 848-844 
Loud speaker, CCont*d) 

crystal type (tweeter), tim 
defiecting vanes for, 1198 
dynamic, troubits in S28-ftM 
field a« filter choke, S28 
field coll troubles, 824*826 
field supply circuit arrange- 
ments and troubita, 826- 
888 

filter, 672-078 

filter arrangement, 1196-1197 
high-fidelity, 1192-1201 
high- frequency, 1196-1 IW 
horn type magnetic. tiMit and 
repair of, 812-816 
hum -bucking coil, 880-881 
hum elimination In, 8S0-S8I 
hum in, 829 

magnetic* repair of, SlILttt 
magnetic, test of, SI2-S16 
multiple-unit type, 1194-llW 
obscure troubles In, 674-678 
pcrjnanent jnagnet dynamic, 
repair of, 843 
phasing’of, 674-078 
re magnetising permanent 
magnets of, 817-Sli 
shading ring, SSI 
spider repairing, 840 
spider troublaa, iSi 
sutNitItutlofi test, 8it 
suspension ring, repair 
842 

teat type, 812 

voice coll, roeenteiing of, ®I!L 

889 

voice coil, repairing ©f, 
Low-lmiiedaiiM phono pickup, 
867 

*^Maglc eye% 4m 
Magnet, electeo-, 8*9 
Magnet, pmnatMit, remagneliK* 
Ingp 817# 840 
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Magrnetic jfiield, around a coil, 8 
around a conductor, 6-7 
around a single-turn loop, 7 
of electromagnet, 8-9 
Magnetic interaction, 9-10 
Magnetic speakers, (see Loud 
speaker) 

Mailing lists for direct-mail ad- 
vertising, 1222 

Man-made interfer., 1048-1049 
how generated and transmit- 
ted, 1049-1054 

Marine craft, classification of, 
1022-1028 

radio, notes, 1038-1034 
radio, ignition interference 
in, 1032 

radio installation, 1023-1080 
radio receiver, selecting the, 
1080-1031 

radio servicing, 1032-1038 
Matching, impedance, trans- 
former, 857 

Maxlmtim value of a-c, 43-44 
Meissner oscillator, 849 
Merchandising, 1241-1248 
Meshed duo-grid tube, 666 
Metal tubes, 1274-1276 
Meter movement, 10-12 
sensitivity of, 12, 26 
Meter, accuracy, 65-67 
range, selecting, 66, 63 
Meter rectifier, 41, 46-48 
characteristics of, 46-48 
construction of, 45-46 
Meters, (see Ammeters, Cap^ 
acity meters, Ohmmeters, 
Output meters, Power lev- 
el meters, VoUmeterB, Volt- 
ohnvmeters, VoU-ohm-^il- 
liammeterB) 

Meters, resistances of, 17 
Meter sensitivity, 12 
Meter shunts, 12-21 
Meter-switching systems of an- 
alyzers, 242 


Methods, business, 1266-1267 
Mho, 176 

Microammeters, resist, of, 17 
Micromho, 176 
Microphonic howls, 644 
Milliam meters, 11, 14 

commercial a-c — d-c, 61-54 
connection of, 16 
extending ranges of, 16-19 
making into voltmeters, 31-33 
multi-range, 19, 20 
rectif. type (a-c — d-c), 48-56 
resistance values of, 17 
sensitivity of, 12 
shunts for, 12-21 
Modulated hum, (see Hum mod- 
ulation) 

Modulation, 860-368 
constant-current, 864 
electron, 864-366 
grid, 361 
prid-leak, 361 
Heising, 863, 399 
hum, (see Hum modulation) 
per cent, 361-863 
plate, 363, 416 
-self, 866-368, 413 
tube, 368 

Monkey chatter, 1176 
Moisture, in coils, 673, 683, 605, 
607, 799 

Motor interference, how caused, 
1060 

elimination of, 1083-1085 
Movable-iron meters, 36-39 
disadvantages of, 38 
voltmeters, extending range 
of, 89 

Movement, Weston, 10-12 
Multi-grid tube structure, 166 
Multiplier resistors, 24, 29-33 
Multi-range, ammeters, 19-20 
milliammeters, 19-20 
voltmeters, 28-29 
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twitch, 4*70 
Mmtuiil ©owiiictancc, 

chaiiiriwg’ gxid-biat for, 17*7- 

xso 

♦-dynamic^' tast, 200 
fcasts, ITO-IBO 

Na-aW 960 TR tuba totting: adap- 
tor, 197 

Negative rotistanco, S64 
Natworlct, rosiatanco, chocklni:, 
684-639 

Ne<» lamp toit for condtnttrs, 
690 

Heoti 8isn» eliminatinir intarfar- 
once from, 1090-1097 
KeatraHainif, a racoivar, 384 
an i-f amplifiar, 72S 
Kautralialiii: racaiYtra, adapter 
for, 099-700 
dummy tuba for, 699 
mathoda, 696-698 
nacesaity lor, 696 
procedure for t-r-f racei'vara, 
699-701 
tools, 789 
Nemtrodyne, 697 
Newspaper advertlalng, 1241, 
1246 

Noise, gate, IJAYC aystemt, 476- 
478 

in all-waTe receivers, 1017- 
1018 

interchajmel, 470-47S 
internal receiver, 1044-1048 
surveys, 1281 
(see J'fitsf/erfnci ) 
Koise-free zoxm for aerial, test- 
in for, 1166-1168 
Kolse leT«d higlihOdelity re- 
ceivers, m(M171 
Noise locator, 1166-1168 
Koise-reducing antenna systems 
(See Interference) 


Noisy ground, 1082-1088 

Noisy rtctption, (mm interfere 

ence ) 

Noisy resistors, 660 

OhJectlO'ins, mtttingr speciftc, 
1268 

Obscure troubles, in impedance^ 
coupled a-f amplify, 662 
in loud speakers, 674-678 
in r-f and i-f ampll6er«, 602- 
045 

In receiver output circuits, 
671-674 

in receivers, 601-678 
in reMintanee-coupled a-f am- 
piiOer, 647-652 
In tone controls, 067-669 
in tran.Hforxner-coui»led a-f 
amp! liar, 645-647 
in transformer-iinpedai^ 
coupled a-f amplify, 652 
in volume controls, 669-671 

Obmxneter, advanH^M of» 71, 
88-84 

calibrating, 88-96, 9t-94 
combination serles-alitisil, SI 
commercial, 106-119 
constructing, 87-97 
ejctexidlng mmgm of 75-7% 
79-80, 94-96 
high- range, constenctt 
home made, i7-tf 
how to consteruct, 87-97 
precautions for nee, Sl-iS 
pHndple of, 7IW4 
amdes, ocnstrucldng, 87-IM 
saries- shunt l7Pt» it 
aeri^ tgrpe, fi-77 
shtml^ construetixig, INKlNl 
shunt lypi^ 77-81 

Mrs ifS-IWI ’ 
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Ohmnteter, (Cont'd) 

testing: condensers with, 686» 
589, 592, 698, 697 
testing: resistors with, 563 
types, 72 

Ohmmeters, constructing, 86-98 
Ohm’s liaw, 62 
Ohms-per-volt, 27 
Oil burner, eliminating: interfer- 
ence caused by, 1087-1089 
Open-circuits, emergency tests 
for, 664 

in coils, 674-676, 578-680 
in condensers, 684-691, 697 
in resistors, 657, 663-666 
Opportunities, for extra profits, 
1264 

Oscillation, causes of in r-f cir- 
cuits, 611 

causes of. miscellaneous, 617 
distinguishing from image In- 
terference, 624 
due to interstage coupling, 
612-617 

neutralizing of, 696-701 
suppression of, 696-701 
suppressor, 611, 617 
(see also Oscillators) 
Oscillator, action of, 841-S45 
amplitude stability of, 868- 
869, 876 

calibration, 884-896 
circuits, various, 846-865 
coil da^, 879 
Colpitis, 861 
coupling to the, 809-870 
electron-coupled, 870-872, 

402, 417 

frequency range, 888, 866- 
869, 876 

freq. stability of, 868, 876 
grid bias, 848 

hand-capacity effects in, 881 
harmonics, characteristics of, 
887-889 


harmonics in, 356-860 
Hartley, 360, 400 
in all-wave receivers, 994-996 
Meissner, 849 

modulation, 360-368 (see also 
Modulation) 

“padding” circuits, 724-727 
regeneration, 842, 610 
requirements for oscill., 342 
reversed feedback, 347 
self-sustaining action, 342 
test, (see Test oscillators) 
tickler feedback, 346 
tracking, (incorrect) in sup- 
erhet., 714, 724-730 
tuned-plate — ^tuned-grid, 348 
Oscillator, relaxation, 122-125 
Oscillograph, use of term, 789 
Oscilloscope, R.C.A. types TMV- 
122-B, 776-779, 783-784 
use of term, 789 
*Wireless Egert model CR- 
600, 784-789 

(see Cathode-Ray oscillo- 
scope) 

Output circuits, obscure troubles 
in, 671 

Output meters, adapters for, 690 
commercial, 143-146 
connecting, meter types, 146- 
160 

connection for superhetero- 
dyne alignment, 718 
connection for t-r-f receiver 
alignment, 689 
constructing, 150-164, 167-160 
crystal detector type, 160-162 
meter type vs. vacuum-tube 
voltmeter type, 161 
neon-tube type, 164 
tube-rectifier type, 162-168 
type of meter used in, 142 
uses for, 146 

v-t voltmeter type, 166-161 
why needed, 140-141 
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Outlet powtr tob# 201 

Ov^^rcommrff «al«« resi»t., 1258 

^p_ 

•*Fm44er** circuits, in all-wav© 
receivers, 996-997 
oscillator, 724-727 
Padldlng- circuit adjustment, 8S4 
Paper rattle, 841 
Paper type condensers, (see 
Cond^mrSf «oH4 di&Uc* 
trie) 

Parallel circuits, 680 
Parallel-feeder lead-in, 1182- 
1184 

‘Teak*' value of a-c, 48-44 
Petitagrid converter, 108 
Pentode tube tests, 187 
Permanent magnets, remagne- 
tizing, 817, 846 

Phasing of multiple loud speidc- 
©rs, 674-678 

Phiko, Model 024 test oscill. 409 
Phiko, Model 048 combltiatlott 
tester, 115 

Phono pickup, adding to re- 
ceivers, 850-866, 867-860 
astatic, crystal, 844, 860-861 
centering armature in, 845 
cleaning air-gap in, 846 
connecting to receivers, 860- 
866, 867-860 
construction of, 844 
crystal, type, 844, 860-861 
high-impedance, 866 
hum-bucking coil in, 849 
low-itnpedance, 867 
oscillator type adapter, 867 
remagnetizing magnet of, 
846 

repairing coil in, 846 
replacing damping blocks in, 
846 

sales, for business, 1287-1289 


volume controls for, 866 
Phonograph motors, eliminating 
hum of, 849 
repair of, 848-849 
Phonograph turntables, repair, 
847-848 

sales for Inwineas, 12BT-1289 
speed of, 848 
in, 848 

lockup (sec Phtme pickup) 
Fkso-ekctric, loud speaker, 1197 
phono-pickup, 844, 860-861 
Fin-Jack meter-eonnecting «ys- 
tem, 248 

Plate modulation, 868 
Plate voltage readings, inteic- 
preting, 610 

Point-to-point, current meat. t89 
reference point, 282 
resistance analysis, 2S2-2S8; 
«hor* analysis, 640 
resistance analyser, dual- 
plug type, 286 

reslitanee meimtiriunont, S81 
resistance tester, 2S4-2^ 
resistance -volt, analyser, 288^ 
set analysis, 277-292 
testers, commercial, ft I 
voltage analysis, 291 
(see RsnManm mn- 

olysl#) 

Polarised waves, 1116, 1117 
Poetcards for advertising, 

1241, 1249 
P^tage rates In 
Power level meter, 146 
Power rating of rtalsl. M7-669 
Power-output tube test, Mi 
Power supply unit, analyatii of, 
619.626 
checking, 496 

Power tmnsl*, insulation in, 896 
repair of, 802-W6 
rewinding, Wi**WI4 
tronbles, 678 
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Preliminary, questions before 
trouble shooting, 428 
tests before trouble shooting, 
430-440 

tests, limitations of, 439 
tests on receiver proper, 
436-438 

tests value of, 438 
Profits, extra, opportunities for, 
1264 

Push-button, switches, 246 
tap switches, 249 
toggle switches, 249 

QAVC systems, 469-479 
noise gate, 478 
servicing, 476 

Questions, preliminary, 428 
Quiet avc systems, (see 
QAVC systems) 

— R — 

Radio City, Model 205, Super 
Multidapter, 198 
Model SOSA tube checker, 216 
Model 304 tube tester, 217 
Model 408 volt-ohm-milliam- 
meter, 101 

Model 501 set analyzer, 309 
Radio-frequency amplifier ef- 
fects of misalignment in, 
711-714 

Radio-frequency coils (see Coits, 
air core) 

Radio-phono., repair of, 844-860 
troubles, 678 
Radio spectrum, 987-989 
Radio station advertising, 1243 
Range, extending ammeter, 16-19 
extending milliammet., 15-19 
extending movable-iron volt- 
meter, 89 

extending voltmeter, 29-31 
meter, selecting, 56, 63 
of resistance meas., 61 
selectivity meter, 68, 66 


RCA-Victor Model 97B Oscilla- 
tor, 409 

Model TMV-122-B Oscillo- 
scope, 776-779, 783-784 
Output Indicator, 164 
Reactance, capacitive, 126 
Readrite, Model 421-422 tube 
Models 653, 654 and 556 os- 
cillators, 412 
checkers, 221 
Model 720 tester, 311 
No. 850 Capacity Meter- 
Tester. 131 

Realignment of receivers, (see 
Aligning receivers) 
Receiver, high-fidelity (see 
High-Fidelity receiver) 
Receiver analysis, voltage-cur- 
rent method, 234-239, 492- 
526 

(see yoZtape-current receiver 
analysis) 

(see Resistance analysis of 
receivers) 

Receiver cabinets, refinishing, 
860-862 

Receiver data, sources of, 493 
Receiver designations, RMA, 
986, 987 

Receiver noise, 1044-1048 
Receiver trouble symptoms, 429- 
430 

Recentering, armature in mag- 
netic speakers, 819-821 
armature in phono pickups, 
845-846 

voice coil, 835-839 
Record changers, automatic, 
849-60 

Recording set analyzer readings, 
499 

Records, service, 1269-1263 
installation, keeping, 1258 
servicing, keeping of, 1259- 
1263 

Rectifier, characteristics of, 46- 
48 

construction of (copper ox- 
ide), 46-46 
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E«ctii#r* (€ 0 iit*d) 

4it 45-48 

rnttow <<»lib««it<id im *W#«- 
tlir#* rtinmt 4i 
initwM mmmm %wagii” 
44 

Wtmemrnc talM Mm 170, 186 
Um/OMm tanP« iMtroment#, 40-B8 
lt«r«r«BM potet, for aet ni«M- 

tUNKDEi^tits. 282 

SMftMMbtig 80 t cMmUp 861 

ellmimtliig Inter-* 
far- catieed by^ 1089-1001 
Hegrencration, principle of, 842 
in a receiver, 010 
Relaxation oadllator, 122-126 
Remairnetiziiig permanent magr- 
nets, 817, 846 

Repair of, audio cbokea and 
tranaformeri, 700 
cabinets, receiver, 860-862 
condenaera (electrolytic) 807 
condensera (aolld dielectric) 
806-807 

condenaera (variable), 808- 
810 

l6lter ebokes, 790-802 
toed reaiatora, 704-796 
1-f cotta, 790 

loud epeakera (condeneer 
type), 848-844 
lend apeakera (dynamic), 
828-848 

lond apeakera (greneral), 
810-812 

loud apeakera (mairnetlo), 
812-828 

pbonograph pickups, 844-847 
pbonograph record changrera, 
849-860 

pbono* tumtablea, 847-849 
power transformers, 802-S06 
r-f cotta, 707-799 
receiver cabinets, 860-862 
vacuum tubes, 806 
Eeplacement teat, tubes, 168-165 

Eeporta, aerviduf, keeplnir# 
1259-1268 

Eeaiatanee, meiratlve, 864 
positive, 854 


EfNsistance analysla, (see Foiat- 
to-point analyala) 
BUpdatanee-coupled a-f ampllier, 
faulty resist units to, 650 
obscure troubles In, 647-652 
Reslstsmee mess*, ammeter-volt- 
meter laetbod, 62, 64 
by obmmeter, 71-84 
point-to-point 281, 627-650 
rsnge of, 61 

slide-wire brldire nietbod, 60- 
70 

voltmeter metb^od, 65-66 
Wbeatstone brldgre metbcMi, 
66-71 

Eeslstanoe metbod of set aimly- 
sis, 279, 527-550 
(see Folift-to-FoInt analysis) 
(see Estlslatios receiver an- 
alysis) 

Restotsnee networks, obeold.115, 
584-580 

Eesistsiioe, receiver analysist 
277-202, 527-550 
(see also Fol»st-to-Folnt an- 
alyali) 

cbecMn# rsedstaiuM Mtworks, 
584*589 

effect electrolytio condwi- 

sera on, 547 

of 'Complete all-waios rewdv- 
sir, 581-545 

dt T^i plate circuit 569 
of screen-grid idNnlt 541 
of suppressor-grid -cath- 
ode circuit, 548 
parallel drcrulbi, 'iSO 
isries einmits, 511 
using metot- 

anoe dabt i4l 

wiriiout recelvw dimlt #a- 
gran, 546 

Resistance salai, ovarcomtoi, 

mm 

ten^. codfMMi «!, iil 
vdto^ Hi, 

Eealitiiice' fesr f ffe#n MNt* 

m 

avudjnMff HH 
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ICeaiijitor indicator, 569 
Eenistors, carbon, 655 
combining, 638 
construction of, 553-556 
fixed, 664-666 
fixed, repair of, 794-796 
grid-bias, 500-607 
grounds in, 660-568 
indicator, 569 
moulded carbon, 555 
multiplier, 24, 29-38 
noisy, 560 

open-circuits in, 656, 568 
power rating of, 557-569 
repair of, 794-797 
short-circuits in, 669, 566, 668 
shunt, 12-21 ■ 

spark-plug suppressor, 960- 
958 

suppressor (for oscillation) 
611, 617 

suppressor, (auto-radio), 960- 
957 

temp, coefficient of, 561 
testing, 568-669 
tolerance of, 562 
v'oltage coefficient of, 662 
wire-wound, 664 
Eescmance Indicators, (see Tan- 
inff indicators) 

Eewinding power transformers, 
808-804 

EM A receiver designations, 986- 
987 

Eetary switches, 249 
Eoior arm, 927 

— S — 

Salesmaiislitp, 1205-1206 
Sat»rahl#-core reactor, 486-487 
Saw-tooth voltage, 766-761 
Scal^w, meter, non-uniform, 89 
Screen circuits, bleeder type 
612-616 

double-series type, 817 
seiies type, 516-617 
shunt 617 


Selective analyzer, Weston, 323 
Selecting meter ranges, 63 
Selectivity, check of, 835 

variable in i-f amplifier, 1177- 
1182 

Self-modulated oscill., 366-368 
Self-servicing literature, 1226- 
1227 

Selling, counter, 1206-1207 
outside, 1207-1213 
telephone, 1212-1214 
Selling service, by direct-mail 
advertising, 1220-1241 
advertising, fundamentals 
for, 1214-1216 

advertisting, misc. 1241-1248 
auto-radio, 1248-1249 
business cards, for, 1246 
blotters, for, 1221 
canvassing, 1208-1209 
counter selling, 1206-1207 
customer follow-ups, for, 1249 
delivery truck advertising, 
for, 1244-1246 
direct-mail advertising for, 
1220-1241 

display advertising, 1216- 
1220, 1241-1248 
extra profits, opportunities 
for, 1254 
folders, for, 1221 
follow-ups for, 1249 
lantern slides for, 1244 
letter heads, for, 1246 
logs, for, 1224, 1247-1248 
merchandising, 1241-1248 
newspaper advertising, for, 
1241-1246 

outside selling, 1207-1213 
postcards, for, 1220*1241, 
1249 

plan, 1268-1264 
premiums, for, li228-1224 
radio station advertising, 
for, 1248 

sales resistance to, overcom- 
ing, 1253 

service, business methods, 
1266-1257 

telephone selling, 1212-1214 
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Imuk of, dm to cotip- 
lt»f coll or cond.,. 602-604 
do# to mu'aliKnntxont, 604 
III •tip#rliot#r0clyii® rocaivors, 
W6-608 

t#it of with cathodo-ray os- 
ciUoscope, 778 
Soiwiti^ity^ motor, 12, 26 
S®ri« circuita, 628 
S€>rios-i>arallel eircolts, 582 
SerTice records, keepingr, 1250- 
1263 

Service test oscillator, (see 
T 0 &t oscillator) 

Service truck adv*t., 1244-1246 
Servicing, marine radio equip- 
ment# 1032-108S 
QAVC systems, 478 
records, keeping, 1250-1268 
silent tuning systems, 478 
vibrator 'units, 076-970 
Set analyzer, how to construct, 
208-806 

(see Voltope-current set an- 
alyzer) 

(see Polat-to-Point analysis) 
Set analyzers, commercial, 867- 
880 

Shadowgraph, 482-486 
ShallcrcHss, No. 681, volt-ohm- 
meter, 106-108 
No. 685, a-c Utility Meter, 52 
Shield, static, 578, 1100, 1128 
Shielded lead-in, 002, 1108-1116 
Shock excitation'^ 905 
Short-circuit®, in coils and trans- 
former®, 576, 577, 580 
In condeniers, 685-501, 506- 
507 

“Shoe* effect, 1017 
Shunts, making by trial, 18 
materials for, 10 
meter, 12-21 

Sign ffasher, eliminating inter- 
ference from, 1094-1006 
Signal generators, (see Peal o«- 
eillators) 

Signal-to-Noiae ratio, 1065-1056 
Silent tuning systems, 460-478 
servicing, 478 


Slide-wlr*% Wheats tone bridfr^ 
60-70 

Socket selector units, “Wonton'* 
B28 

Solid -dielectric conclenacrs (ate 
Ctmdim« 0 r$^ st »Iid-dhdect.) 
Spark-plug snippri^ssor reHintora, 
0604158 

effect on engine, 06S 
Spark-plugs with built-in sup- 
pTOHSor®, 052-058 
Bpcak€*r (sc© Loud speakers) 
Spectrum, tb© radk^, 087-080 
Spider, of loud speaker, repair- 
ing, 840 
troubles, S85 
Split rotor plates, 685 
Stability of oscillatorii, 868-860, 
376 

amplitude, MBdim 
fraciuency, 368 

Static, atmospheric, 1040-I04S 
eliminators, 1042 
shield, 578, 1100, 1128 
Storage battery, car, 032-0B3 
StrobcMicope, 847 
Structure of tubes, 166-168 
Substitute, apkV, t#it, 812 
Superheterodyne receiver, 4B5- 
4S6 

adjustment® n©c««sary in, 707 
aligning procedure fali- 
wave), 007-1601 
alignment of 0at-top or 
bambpass i-f atiipllf., 7tl 
alignment of i-f ampllftors of 
all-wave receivers, ti7-l001 ■' 
alignment of peaked i-f am- 
pH6#w, 718-721 
alignment setju4mo«\ 715-71# 
cod® inti^rference in. 625-6S# 
determming i-f, 782-784, 1W» 
development of, 702-704 
doubUi-apot reception, 619-685 
effect# of Ifworreet osclllmtor 
traoldiigy 714 

effecto of mlsallgixxnitnt In Uf 
amplii^r of, 708-711 
effect# of misalignment i« r-f 
amplifier of, 711-714 
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Superheterodyne receiver 
(ContM) 

frequency reduction in, 704- 
706 

image interference in, (see 
Image interference) 
image-suppression circuit 
for, 734-739 

i-f amplifier alignment with 
cathode-ray oscilloscope, 
739-741, 762-772, 779-784 
i-f amplijfier of, 704-706, 716- 
718 

lack of sensitivity in, 608 
mixer in all-wave receivers, 
991-994 

neutralizing i-f circuits in, 
723 

oscillator grid-bias, 610 
oscillator padding circuit in 
all-wave receivers, 996-997 
oscillator tracking in, 714, 
724-730 

system, explanation of, 704- 
706 

with avc, alignment of, 730- 
782 

Supreme, Model 61, oscilL, 414 
Model 66, tube checker, 222 
Model 85, tube checker, 224 
Model 91, analyzer, 318 
Model 111, volt-ohmmeter, 

108 

Model 180, oscillator, 417 
Sweep voltage, amplifier for, 761 
generator for, 768-762, 786- 
787 

lynehronizer for, 781 
Switchee, for all-wave receivers, 
1012-1018 

for »«t analyzers, 245-260 
push-button, 246 
tap or rotary, 249 
toggle, 240 

Switching, of all-wave coils, 
1004-1012 

Symptoms, receiver trouble, 429- 
4S0 

SyttchroaisBer, sweep voltage, 781 
Synchrcmous vibrator, 974-976 


— T — 

T-type antenna, 1162-1163 
Tank circuit, oscillator, 866 
Tank condenser, in filter, 622 
Telephone, selling by, 1212-1214 
Temperature coefficient of re- 
sistance, 661 

Test oscillators, 332-376 
amplitude stability, 368 
attenuators for, 372-374, 401, 
404, 422 

batt.-operated, 377-382, 399, 
406, 409, 412, 417, 419, 421 
calibrating a, 384-396 
coil data, 379 
coil-switching system, 408 
commercial, 398-423 
connecting for t-r-f receiver 
alignment, 688 
construction of a, 376-397 
dead spots in, 380-381 
electron-coupled, 370-372 
frequency range, 333, 356- 
369, 360, 376, 398-399, 407 
^^frequency^' stability, 368 
frequency wobbler for, 762, 
780-783 

hand-capacity effects in, 381 
harmonics in, 365-360 
how to construct, 377-384, 
386-896 

line operated 382-384, 402, 414 
modulation in, 360-368 (see 
also Modulation) 
principle of, 386-336 
use of harmonics in, 396-399 
uses, 333-885 

why needed, 332 (see also 
Oscillators) 

Tester, combination, 114-119 
condenser, 121-126 
resistance, 284-286 
tube, (see Tube checker) 
Testing for noise-free aerial lo- 
cation, 1155-1158 
Tests, for individual compon- 
ents, 559-697 
preliminary 430-440 
tube (see Tube tests) 

Test speaker, 812 
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Hiwmatl mgltmtlGU, 1017 
Th%rmm^t 10S8« 

1088 

Tickler f#«dbmck| 848 
Ttuai^ff spmrk» 828 
Hnttliig wltagr® lot cathod@-r»y 
tab#, <8€« Swmp ’vroHcir#) 

i:irc static, mo 

Tob# rcls^cation-asciUator con- 
dcmcr-taster^ 122 
Tclerancc of rsBistors, 682 
Tone controlB, 667-669, 1190- 
1192 

Tcc^ls for mllg-ninir aixd nectral- 
IsEtog, 789 

Tops, automobile, types of, 896- 
898 

Traxisformers, impedance-mstch- 
ing:, 867 

impedance ratio of, 867 
tarns ratio of, 867 
Transformer-eprd. a-f amplif*, 
obscure troubles in, 645-047 
Transformer- impod. cpld* a-f am»- 
plif obscure troubles in, 652 
Trasisformers, air core (see 
Coils, air core) 
insulation in, 576-577, 805 
iron-core, (see CoHs, Iron- 
core) 

power, (see Fowsr trans- 
formers) 

Transinlsslon line, balamadt 
1118 

Transposed lead-in, 1134-1188 
Gonneeidnig at receiver, USB 
connectingc to receivers, 1126- 
1129 

with doublet, 1184-1136 
(see also InUrfmrmm) 

(see also Lmd4my 
Transposition blocks, 1136 
Trimmer condenS'ers, 68M87 
Triplett, Ho. 1126 tlniverind a-c 
-^-c meter, 53 
No. 1220 tester, 822 
Tronble-sh-ootlng, antenna mod 
jgrronnd, 430-435 


by rwlstance tests, 52f-6^MI 
preliminary questions, 4SS 
preliminary tests, 430-440 
with voltage-current analy 
xer, 492-625 

Trouble .synjptf>nu^ receiver, 4^ 
Troubles, obscure, 
troubles) 

Troubles, avc systems, 459-466 
Trucic, advertising, 1244-1246 
Tube, adapters, 199-201 

cathode-ray («## Catkoda- 
ray tube) 

<hrec^ef>upli*d amplify, 66i 
meshed duo-grid, 666 
structure, 165-168 
Wunderlich, 666 

Tube checker constmclloii of a 
202-212 

development of, 183-190 
how to construct, 302-211 
need for, 163-165 
(see also Ttcb# tasta) 

Tube checkers, commercial, 313- 
331 

Tube currenta and vdtai^ 
cheeking, 496 

Tubisi, comparison with 'tait iWi- 
cOlator, 334 
oquivoicnt for taita, 
metal, 1274-1276 
*<shot efreet"^ In, 1917 
testing with anidyser, 497 
' iheraial agitation In, 1917 
Tube testa, cat}i.-b*ta lkg«, IMi 
comhlnalloii tabM, 
developmeiit ef bwtar fort 
183-199 

dynamic mut eo^ipdiieW 
emission, 1®9-I7f 
Engllsh-raidifiig tMtaTp 179 
gas, 173-173 
grld-iliifl^ 173-177 
iMbkage, 139-182 
mutual mmMiMmmr 119-177 
pentads, 137 
Igrpver cmi^pnt %npNii^ 1991 
Tsctniw, im w$ 
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Tube teats (Cont'd) 
replacement, 3.68-165 
satisfactory, 168-169 
182 

tetrode, 187 
Tun-a-lite, 489 

Tunable hum, (see Hum, modu- 
lation) 

Tuned-plate — tuned-grid oscilla- 
tor, 848 

Tuned radio freq. receiver, 486 
alignment of, 690-696 
neutralizing, 699-701 
Tuning bands in all-wave receiv- 
ers, 1016 

Tuning circuits", realignment of, 
(see Aligning receivers) 
Tuning condensers, repairing, 
808-810 
testing, 697 

Tuning control arrangements 
for auto-radio receivers, 
877-880 

Tuning indicators, 479-490 
dial-light type, 485 
Flashograph, 489 
^^Magic eye”, 490 
Shadowgraph, 482-486 
Tun-a-lite, 489 
types, list of, 479-482 
Tuning wand, 606 
Twisted-pair lead-in, 1116-1119 
connecting, 1126-1129 
— -U — 

Universal instruments, 40-54 
Universal meter, how to con- 
struct, 51-68 

Universal motor, interference 
caused by, 1083-1084 
Universal test speaker, 812 
---V— 

Vacuum tube, amplif. action, 837 
division of plate circuit 
power, 837 

metal t^es, 1274-1276 
oscillator action, 841-846 
plate load effect on, 840 
repair, 806 

Vacuum tube voltmeter, 166 
calibrating, 159-160 


compared to output meter, 161 
constructing one, 157-160 
principle of, 155-167 
uses ■ of, 160-161 
Variable condensers, testing, 697 
repairing, 808-810 
Variable coupling in i-f ampli- 
fiers, 1177-1182 
Variable resistors, repair of, 
796-797 

Vertical antennas, 1161 
Vibrators, auto-radio power 
supply, 973-979 
servicing, 976-979 
Vibrators, cause of interference,. 
1064 

Violet-ray apparatus, interfer- 
ence from, 1091-1092 
Voice coil, recentering, 836-839 
repairing, 839-840 
troubles, 833-885 
Voltage-current analysis chart,, 
receiver, 498 

Voltage-current receiver analy- 
sis, 284-239, 492-626 
chart, 498 

checking power supply unit, 
495, 519-626 

checking tube voltages and ^ 
currents, 496 

interpreting grid-bias read- 
ings of, 607 

interpreting readings on 
bleeder-type screen cir- 
cuits, 512-614 

interpreting readings o n 
double-series screen and 
plate circuits, 617 
interpreting readings on ser- 
ies-connected screen cir- 
cuits, 616 

interpreting readings on 
shunt-connected screen 
circuits, 517 

recording readings of, 499 
starting, 494 
testing tubes, 497 
Voltage-current set analyzer, 289 
adapters for, 264-274 
advantages of, 274 
checking currents with, 258 




